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AIRCRAFT AND SKYLAB DATA PRODUCTS 

Thrte RB-57 missions were flown on behalf of this investigation. 

None of the missions were pre-SL-2. The first mission was flown on 
Juno 5, 1R73. This mission did not cover all of the pre-selected test 
sites because prior permission to enter restricted airspace over the 
northern protion of the Nevada Test Site was not obtained. Mission 
249 on August 29, 1973 was a pickup mission to obtain photography of 
the area missed on mission 239. Figure 1 shows the maximum area of 
coverage of RB-57 RC-8 photography for the three missions. 

Mission 2C9 on Septenjber 13 was flown concurrent with Skylab fly- 
fay of ground track 59. Sixty percent forelap was not obtained with tne 
AMPS camera system because of limited magazine capacity. The RC-8 
cameras were loaded with B & W infrared and color infrared when they 
should have contained color ektachrome and high resolution B & W 
(S-022 film). 

Skylab imagery was obtained over portions of Nevada during SL-2; 

May 30 and 3 June. Only the S-190A camera system was operating luring 
these passes and abundant clouds covered a large portion of the Mm 
(see figure 2). S-T92 imagery was obtained during both passes but 
only quicklook data of Channels 2, 7 and 11 were received by the Prin- 
ciple Investigator. 

During SL-3, three passes were made over the test site. Figures 
3 and 4 show the S-190A and S-190B photo coverage, respectively. The 
first pass was on August 11, 1973 at apnroximately 0827 local time. At 
this time the sun angle was ap^^roximatel . 28 degrees. The S-190A system 
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Figure 1. Area of aircraft photographic coverage of central Nevada. 









Figure 3. SL-3 S-190A photography of Nevada. 
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did not product fttro-ovtrlip and tht S-190B catwra, which had €0 
ptrctrt fortlap was shut-off ovtr tht southern ont-half of tht state. 

Tht stc'* ‘ was on August 12. 1973 along ground track 20 at approx- 
imately 

Boti. tiic 5-190A and S-190B systems did not product 60 percent 
forelap photography. The high resolution black and white film In the 
S-190B camera produced some of the most useful data for structural 
Interpretation because of the low sun-angle. The third past was on 
September 13, 1973 along ground track 59. During this pass neither 
camtra system produced 60^4 fore lap. 
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GEOilORPHOLCKiy 


locition and Physical Dticrlption of Area 

Thf study art# in northwtstern and central Nevada covers a part 
of the western sector of the Sreat Basin (Figure 5). This senl-arld 
region Is characterized by a series of north-south trending mountain 
ranges separated by long, smoothly slooinp alluvial aprons or bajadas 
leading down to Intermontane basins or clayas occupying the lowest parts 
of these basins. The entire area Is one of Internal drainage without 
egress to the sea. Runoff, mostly snovmelt, collects In a few per- 
manent saline or alkaline lakes or In dozens of ephemeral playas. Hydro 
graphically the Great Basin Is a complex of Intermontane sallnas, most 
of which are dry most of the year. (Sheldon, 1966). The only signifi- 
cant perennial stream In the area studied Is Humboldt River, which flows 
westward and terminates In Humboldt Sink. Lesser streams are Quinn 
River and Reese River. 

The average local relief Is between 5,000 and 6,000 ft. The 
valleys are generally slightly more than 4,000 ft. In altitude, and the 
highest peaks approach 10,000 feet. 

G eological Setting 

The region Is part of a dominantly volcanic province and there 
are widespread exposures of Tertiary flows, ashfall deposits, and 
volcanic lacustrine sediments. Locally, Paleozoic sandstones and car- 
bonates are exposed because of pre- volcanic topography or post- 
volcanic erosion. There are also rather li!"ited outcrops of Tertiary 
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Figure 5. Index mep of Neveda showing the location of S-igoB frames 
1-4, roll 85. on Track 20 August 12, 1973 . 







4 


QPinitlc intmloni. Tht basini art infilltd mostly with Pltlttoctnt 
and Holoctnt alluvial, colluvial, or lacustrlna daposlts of varying 
thlckntsfts. Small artas of glacial daposlts may bt prtsant around a 
ftw high ptaks, but thasa hava navar baan mappad In datall and ara not 
distingulshabla on SKYIAB photography of tha raglon. No glacial daposlts 
ara daflnltaly Idantiflad In tha study araa coverad by tha undarfllght 
photography. 
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VtgeUtlon. CUmtta^ an d Und U st 

Climatic data are sparst but total rracfpitation rangti fr<w about 
4 in/yr In the basins to a maximum of about 16 to 20 In/yr on the high 
peaks, as estimated from known moisture reoulrements of various Western 
tree cover types. 

Great Basin sagebrush (Artemisia) Is ubiquitous, especially In the 
basins and on lower slopes of the ranges. Along Humboldt River, parti- 
cularly downstream from Battle Mountain, there Is some Intermixture with 
saltbush (A triplex ) , greasev/ood (S arc obatus) and saltcedar, along with 
various low shrubs and grasses. Increasing altitude and moisture Is 
marked by change to juniper-pinyon woodland (Junipe rus and P Inus), but 
stands are generally thin and scattered. The volcanic plateaus of High 
Rock and Sheep Creek are sagebrush steppe of Artemisia and wheatgrass 
( Mfopyron ). Limited mahogany and oak scrub stands ( Cercocarpus and 
Quercus ) are scattered across the Shoshone and northern Tolyabe ranges. 
The highest peaks are above timber line and have a thin cover of grasses 
approximating a subalpine assemblage. Where water is perenlally avail- 
able in canyons, cottonwood, box elder, and multiflora rose are common. 
The dunes and playa area west of WInnemucca is bare desert. 

Nowhere is vegetation thick enough to obscure geomorphic or 
geological details as seen on SKYIAB or underfliqht photography. Land 
use has been, is, and will continue to be don-inated by mining, open- 
range grazing, and limited irrigation of potatoes, legumes, hay, and 
alfalfa. 


6 


Bific ditt product! ustd in th« goomophlc Intcrprttatlon consiit 
of four cloud-frtt, b1ack-and-Mh1tt SKYLAB photographs (numbtrad 85-001 
to 85-004, and hart aftar rafarrad to as framas 1 through 4). U-2 undar- 
flight (low iun-angla) photography was obtained at a flight altituda of 
65,000 ft. MSI in Octobar, 1974. Tha SKYLAB framas ware obtainad on 
August 11. 1973 by tha 18 in. focal langth S-190B cwiara. Original data 
wara sacond ganaration 4.5 in. x 4.5 in. black and whita diapositivas 
on a scala of 1:936,000. Tha 17.5 in. x 17.5 In. black-and-whita 
anlargad prints analyzad wara mada from intarnagatives of tha original 
data; and thus ara fourth ganaration products on a scala of approximataly 
1:250,000. 

Underflight data ware available in two scales and formats. 1:120,000 
(9 in. X 9 in.) and 1:30,000 (9 in. x 18 in.). The 9 in. x 9 in. photo- 
graphy was taken by a 6 in. focal length Rc-10 camera and tha 9 in. x 
18 in. photography was taken with a 24 in. focal length HR-732R camera. 
The resultant 1:120,000 scale and 1:30,000 scale, respectively, assumes 
a mean terrain elevation of 5, 000 ft. Both sets of underflight data 
were available for most of the same area covered by the U. S. Geological 
Survey, Winnamucca 2® topographic map. Therefore the detailed analysis 
described in this paper was restricted to SKYLAB frame 3 most of which 
lies within the boundaries of the Winnemucca sheet (Figure 6). 

The enlarged scale of the SKYLAB frames used closely approximates 
the 1:250,000 scale of the 2® topographic maps. Use of three different 
photographic scales in conjunction with these topographic maps allowed 
detailed analysis in some key areas. Ground control consisted primarily 
of the topographic maps and published county geologic maps, although 
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Figure 6. Index map showing the location of S-190B fremies 1-4, 
roll 85 on 1:250,000 AMS topographic maps. 
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Ifmlttd ground truth wis ivtUahlt. Somt largtr scala topographic mapt 
Mtra avallahit and wort utad whart better detail was needed to delineate 
Interesting geomorphic features. 

It must be noted that the SKYLAB frames are perspective photo- 
graphs and because of the Earth's curvature distortion Increases out- 
ward from tha center point of the frame. For the reconnaissance mapping 
undertaken, however, this problem Is relatively unimportant. Scalar 
approximation between topographic maps and photographs 1$ ample for the 
correlative work of topographic elevation and strandline occurrence 
described In a subsequent section. 

ytical tVo cedure 

Mylar overlays were fitted over each of the four SKYLAB frames, and 
letters wore used to label mountain ranges and basins as Identified from 
the topographic sheets. This was done for orientation and to facilitate 
written description of the area. Geotnorphlc analysis and interpretation 
of landforms was then completed A number was assigned to each landform 
and written on the mylar overlay Instead of the landform name In order 
to avoid cluttering. Landforms were numbered as Identified, hence there 
Is no specific ordering scheme. Continuity was established by labeling 
similar landforms with the same number on all four frames. For example, 
landslides were assigned "1" on frame 1, thus a "1" on any of the four 
frames Indicates some type of landslide. The key for each frame Includes 
all landforms to each mountain range and valley, and also any supple- 
mental notations made during the mapping. 

Aerial photographic terrain analysis of each SKYLAB frame was 
initially accomplished by: 1) tonal variaticn indicating surface or 

near surface ground conditions, 2) recognition of topography as deduced 
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fi*om shadow tffects, dralnige patttrns, and topoqra''hic base maps, 

3) drainage patterns indicating the type of parent rock and soil mater- 
ials which In turn Influences amount and type of runoff, 4) vegetation 
and land use, 5) landform association with surrounding features or 
6} any combination of these factors. An Imores'^ion of niay 

be obtained If 6 & W diapositivcs at the original scale are viewed 
through a binocular microscope. 

However, these products were not In hand for use in this study, and 
no stereoscopic analysis was possible on the SKYLAB products in the form 
used because there Is virtually no overlap. Therefore photographic inter- 
pretation was necessarily limited to simple pattern and textural recog- 
nition and the relationship of a given feature to its surroundings. After 
this initial analysis, the U-2 photography which covered parts of the 
Winnemucca topographic sheet was used for detailed analysis of parts of 
SKYLAB frame 3 (Figure 6). Stereoscopic vision is possible with both 
scales of U-2 photography and thus added the valuable third dimension to 
the Interpretation, Thus underflight data were used to enhance land- 
froms already mapped and to locate landforms previously unrecognized. 


General Stat ement 

Geomorphic mapping was completed for all four SKYLAB frames, but 
owing to repetition of landform types or families, the need for brevity, 
and availability of underflight coverage for only one SKYLAB frame 
(Frame 3), only SKYLAB frames 2 and 3 are discussed herein. Most land- 
forms mapped in the study area are represented on these frames and a 
discussion of scalar problems in interpretation can be undertaken from 
the two frames selected. 
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Comparison of rtsults for the three different scales used (l!250,000, 
l!l20»000 and 1{30i000) is Interesting. The Tack of stereoscopic caps* 
blllty from the enlarged SKfLAB photography is unfortunate» but this 
problem Is remedied by resort to underfTight data. SKYLAB's synoptic 
view of the Earth’s surface provides an insiuht unique to this scale. In 
facti Targe structural and geoniorphic features never before seen on this 
scale stand out clearly, whereas only small , discrete parts of these 
features could be studied from previous photographs and thus the relation- 
ships and distribution of major features had not been recognized. 

Conversely, owing to the small scale of the original SKYLAB photo- 
graphy, resolution eletnents are necessarily large. Because SKYLAB photo- 
graphy is of such high quality, however, enlargement up to 4 diameters 
Is possible with excellent results if precision equipment is used. En- 
largement capability restores much detail lost on the small-scale original 
photographs. However, with enlargement some interpretative Insight still 
Is lacking because of no stereoscopic coverage. 

SKYL AB Frame 2 

SKYLAB frame 2 (Fiaure 7) is an example of the 1:250,000 scale photo- 
graphy used. This frame is exemplified by typical Basin and Range topo- 
graphy. The only perennial rivers, the Quinn and the Humboldt, traverse 
this area. Except for these two rivers intennontane, closed-basin 
drainage is typical. Many geomorphological and cultural features can 
be discerned. Agricultural areas, with conspicuous rectangular fields 
and center-stand irrigation systems are obvious in the valleys. Major 
roads are traced as they follow along valleys or cut across a mountain 
pass. Abandoned strandl-*nes fonned bv Pleistocene lakes, a large band 
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Figurt 7. SKYLAB S-190B frame 2, roll 85, scale 1:602,000. Overlay 
provides geomorphic Interpretation. Nunbers and letters 
Identified In tables 1 and 2. 
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Table 1 • List of S'^boli for landforms. 


1 — r- 


Lendform 

nunbtr 

1 

Name ..... [ 

Present on SKYLAB 
frame 2 frame 3 

I 

f 

landslide 

1 

1 

X 

2 

louderback | 

* 1 

X 

3 

wave cut bench , 

* 


4 

strandl Ines 


X 

5 

dunes 

X ' 

1 


6 

play a 

X ' 

X 

6a 

playa lake 


X 

X 

7 

fault- line trace 

X 

X 

7a 

fault trace 

X 

X 

8 

bajada 

X 

X 

8a 

pediment 

X 1 

X 

9 

alluvial fan 


X 

9a 

compound fan • 

X 

X 

1 

10 

sprlng/seepaae area I 

1 1 

X 


n 

perennial lake 

1 ^ 


11a 

Rye Patch Reservoir 

X 


12 

Intermittent lake 

X 


12a 

Pitt-Taylor Reservoir 

X 


15 

urban area 

X 

X 

15a 

Winnemucca 

X 


15b 

Battle Mountain 


X 

17 

1 

plateau 


X 

17a 

mesa 

X 


17b 

: uutte 

X 


18 

j Inselbero 

X 


19 

1 volcanic cone 


X 

22 

; waterqap 


X 

23 

perennial river 

X 

X 

23a 

Hunboldt River 

> 

X 

23b 

Quinn River 

X 


50 

fanhead trench 

X 

X 


Tablp H List of symbols for "lountains and vallevs 
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^il&o] ... . . . . .X*?!®. 

AA Kamma Mountains N 
A Bilk Creek Mountains 0 
B Sonco'a Range P 
C Hwnboldt Range 0 

0 Jackson Mountains R 
E Maiuba Mountain S 
F Blufc Mountain T 
G Coyote Hills U 
H East Range V 

1 Eugene Mountains W 
J Hot Springs Range X 
K Osgood Mountains Y 
L Santa Rosa Range I 
M Krum Hills 

SKXLAB_FRAME.3 

A Shoshone Range N 
B Battle Mountain 0 
C Fish Creek Mountains R 
0 Tobin Range S 
H Sheep Creek Range X 

T uscaror a Mountains. X 


Ran'i^. 

Winnetiiucca Mountain 
Bloody Run Hills 
Dr/ Hills 
Slumbering Hills 
Double Mountains 
Junno Hills 
Buena Vista Valley 
Desert Valley 
Grass Valley 
Paradise Valley 
Silver State Valley 
Kings River Valley 
Lone Butte 


Reese River Valley 
Cresent Valley 
Whirlwind Valley 
Boulder Ve’ ie.y 
Buffalo Valley 
Argen ta Ri in ^ 


of p1/*ya-born sand dunts» compound fa^'S, railroad tracks, urban araas, 
and springs or seeps, are visible. 

The Great Basin presently Is an arid region, but during the Quater* 
nary the climate was probably colder and more hunid, and at times the 
valleys were occupied by pluvial lakes. Some of these lakes had outlets 
t( the sea (or Into sister lakes) but the ma.^orlty did not rise high 
enough to find such an outlet. (Snyder and others, 1964). The history 
of the largest Quaternary lake, Lake Bonneville, has been described by 
Gilbert, (Gilbert, 1890). The second largest. Lake Lahontan, (Russel, 
1B85), located In northwestern N* /ada, occuned much of the area covered 
'.y SKYLAB frame 7 ., 

Russell recognized four "terrace" levels (hereafter called strandllnes 
at elevations of aoprox Imatoly 4,380, 4,350, 4,19C, and 4,000 ft. Only 

small, laterally discontinuous portions of these strandllnes still are 

of 

evident around the periphery of many of the basins 

encroachment bv alluvial fans, deflation, and complications from 
seasonal sallna shoreline processes. All strandllnes mapped on frame 
2 can be correlated with the two highest elevations (4,380 and 4,350 
ft.) as noted by Russell (1885) and Morrison (1964). Correlation Is 
established by overlaying the proper to;ograoh1c map with the frame 
(Figure 6). This correlation should be done with caution, because dis- 
tinction between strandline, wave-cut 0*>nches, and curvilinear fault 
traces is locally difficult. 

The most Impressive landfonn shown on frame 2 is the band of sand 
dunes originating at the playa in Desert Valley and extending across two 
mountain ranges, the Slunberlmj H.lls and the Santa Rosa Range, and Into 
Paradise Valley. Resolution on the SKYLAB photography permits Identl- 
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fication of these as crescent dunes. The deflatio.i effect# of the pre- 
vailing wind direction In this area Is obvious. Dune structures can be 
traced for 30 miles from their source. 

Compound fan development Is distinguished by tonal variations of 
alluvial fan material. This variation probably results from differences 
In the amount of desert varnish accianulated on exposed surfaces of 
alluvial material In the fans. It Is Inferred, therefore, that the 
darker materials are older than, and underlie, the 1 Ighter materials. 

This Is the same assumption that Hooke et aj (196®) tacitly made In their 
electron microprobe study of desert varnish on a California compound fan. 
At least two and possibly three stages of fan development can be ascer- 
tained by recognition of as many different photo tones. Caution should 
be exercised because tonal changes may also represent lithological diff- 
erences of the fan material. Fanhead trenches, also present on frame 2 , 
are discussed subsequently. 

Numerous springs occur In the area of frame 2, and those discern- 
able as such were mapped. A rather large area of hot spring activity 
(Leach Hot Springs), as Indicated on the Winnemucca topographic mao. Is 
visible In southern Grass Valley (labeled "V") just south of Winnemucca. 

S KYLAB Fram e 3 

Figure 8 shows Battle Mountain and a prominent playa In Buffalo 
Valley. Note the short Uneation (labeled "7a") just to the west of 
Battle Mountain. This appeared to be a fault scarp, but its hummocky 
appearance and limited areal extent indicated the possibility that it was 
the toe of some type of mass movement, possibl;, an earthflow, (Thorn- 
bury, 1969). Stereoscopic inspection of the same area on the scale of 
1:120,000 (Figure 9) reinforced th'> fault interpretation. The hummocky 



Figure 8. SKYLAB S-190B, frame 3, roll 85. scale 1:602.000. Overlay 
provides geomorphic interpretation. Numbers and letters 
Identified In tables 1 and 2. 
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Figure 9. U-2 underflight photography showing west side of Battle Moun- 
tain (B) and adjacent Tobin Range (D). Notice small escarp- 
ment (7a). just west of Battle Mountain and simlllar, more 
highly dissected area (8a) on the east s^de of The Tobin 
Range. Original scale 1:120,000. , , 

ii'iiOUUUlHiL.ii It ui* 

0:a<3INAL PAGE IS POOF 


12 


texture perceived on the SKYLAb frame can Instead be seen on the under- 
flight photography as a dissected area. Four additional observations pre- 
clude the possiblllcy that this Is some type of flow. First, with stereo- 
scopic Inspection, another scarp Is discerned (at the mountain front) 
that continues through the suggested "flow" area. If this area Is flow 
material this scarp would have been oblltereated, unless faulting 
occurred after flowaqe. Secondly, there are no scalloped identatlons 
of the mountain front to indicate where the flow material originated. 
Furthennore, owing to the extreme vertical exaggeration of the short 
focal length camera that recorded the 1:120,000 scale photography 
(Figure 9), and in viewing a stereo pair through a mirror stereoscope 
(or any stereoscope with a large field of view), it can be seen that 
this area is a topographic high. This can be inferred without use of 
stereoscopic equipment by observing the drainage pattern. The stream 
courses bend away from this topographic high on both the north and 
south sides. Finally, a slightly lower order of dissection can be dis- 
cerned in the mountainous area adjacent to the area under consideration. 

A logical explanation is that this area is a bedrock high with alluvial 
fans covering it on both sides. This interpretation is supported by 
the presence of a similar structure (labeled "8b") across Buffalo Valley 
on the east side of the Tobin Range (Figure 9). If this is the case, 
the small linear escarpment on the west side of Battle Mountain is a 
fault, the area just to the east is a dissected pediment (labeled "8b"), 
and the straight mountain front is a fault-line scarp. Note the small 
alluvial fan developed over the pediment on the south side (Figure 9). 

Identification of such exhumed or only thirl,- veneered pediments 
are significant because of their potential as mineralized areas. The 
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dissected pediment on the west side of Battle Mountain, described In 
the preceding paragraph, has been extensively prospected by pits and 
adits adjacent to the fault, and a small amount of gold has been produced. 
It Is reasonable to assume that other favorable prospect areas are pre- 
sent 1) northward along the west side of Battle Mountain. 2) along 
the east side of the Tobin Range C'8a'' on Fig. 4). and possibly 3) In 
the sag or saddle connecting these two areas. The rock-floored pediment, 
from analysis of the SKYLAB photography, is probably luite thinly ven- 
eered with alluvial or far material in these areas and thus is a feasi- 
ble target for shallow exploration. 

Fanhead trenches, a common and obvious feature! on frame 3 (Figure 8), 
are channels which either 1) cut into an alluvial fan at its apex and 
subseouently grow downfan or 2) are initially cut into the toe of the 
fan and then migrate upfan. In case 1) they have been interpreted as 
a normal evolutionary stage 9 an alluvial fan as mountain streams con- 
tinue downcuttinq, (Gilbert, 1890). They may also represent the lower- 
ing of base level of the streams or basins in the valleys to which they 
are tributary, as in case 2). More recently they have been interpreted 
as representing response to changes in rainfall intensity, (Bull, 1964) 
reestablishing a gradient in accord with existing discharge and load 
conditions. (Denny, 1965). They have also been described in connection 
with the relationship of mudflov^s to fan and fanhead development, 

(Beaty, 1963 and Lustig, 1965). 

Strandlines marking former lake levels, such as those in the southern 
end of Buffalo Valley, are easily discernible on the SKYLAB photo- 
graphy (Figure 8), except where masked by other aggradational forms. 
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!1th the aid of a magnifying lens they can be mapped with less diffi- 
culty. Much more detail is recognized on the large-scale underflight 
photography (Figure 10)» including the complex relationships between strand- 
lines and alluvial fans. In some places strandlines seem to truncate 
fans, whereas elsewhere a fan conti'-v''* across the 'ndlines, indicating 
that fan development has occurred after the h' . •. nd ot the lake. On 
the SKYLAB frame some strandlines tonal quali- 

ties the fans. Even with magni^' .lOn, delineation of strandlines 
through alluvial material is ditficult. 

A different scalar problem is exemplified by the Sheep Creek 
Range. Preliminary analysis of the SKYLAB frame revealed three distinct 
volcanic cone fon^^s (Figure 11) Another roughly circular area of a 
photo tone similar to t^e obvious cones also arptcired to be a remnant 
cone (a dashed line on Figure 11). When the underflight photography 
of this area was examined, there seemed to be no sign of this volcanic 
cone (Figure 12). However, to erase the landformi identified on the SKYLAB 
frame overlay would be self-defeating. The underf light photography was 
intended as a data enhancetnent tool, not a primary reference. The 
fact that this form did not show clearly on large-scale photography is 
merely a scalar problem. Each integral element seen on the large- 
scale photography was not enough clue in itself to depict the entire 
landform. On the small-scale SKYLAB photography (Figure 11) the com- 
bination of photo tone, geanetrical nattern, and landform associations 
in the area led to the correct conclusion. 

The importance of stereoscopic vision cannot be overestimated. An 


excellent example occurs on the east side of the Sheep Creek Range 
(Figure 11). This area was not recognized as a huge landslide block until 




Figure 10. U-2 underflight photography showing well developed playa 
In Buffalo Valley (X). Note strandlines (4) possibly 
formed by glacial Lake Lahontan, volcanic cones (19) and 
compound alluvial fan formation (9a) as Interpreted by three 
gray tones. Original scale 1:120,000. 
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Figure 11. Portion of SKYLAB frame 3 showing Sheep Creek Range (H), 
Humboldt River (23a), and Argenta Rim (Z). For identifi- 
cation kep refer to Tables 1 and 2. Original scale 
1:250,000 
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txamlned stertoscopically on the underflight photography (Figure 12). 

This landslide area Is at different elevations and that the Intervening 
light areas are scarps along which movement has occurred. This area 
was therefore mapped on the SKYLAB frame as a landslide. 

There are several different drainage patterr on the Sheep Creek 
Range (Figure 11). Attempts ti explain this apparent anoinaly using only 
SKYLAB photography were speculative. Knowing that volcanics occur on 
the east side of the range, It was postulated that Intense dissection 
of the western portion starts at the perimeter of the basalt that caps 
the range (Wlllden, 1963). With larqer-scale underfHght photography 
It Is noted that this caprock exists over the entire range (Figure 12), 
but It has been dissected on the west side and only remnants remain on 
the tops of interstream divides ("c" on Figure 12). It Is reasonable 
to assume that this caprock Is thinnest this far removed from the volcanic 
cones, explaining the apparent greater degree of dissection. The pro- 
minent straight gully may represent a fracture along which dissection has 
been maximized. 

An antifonnal flexure Is Indicated by the Sheep Creek Range, which 
dips almost north, and Argenta Rim, which dips south. The axis of this 
structure lies somewhere between the Sheep Creek Range and Argenta Rim 
and appears to parallel the Humboldt River valley. The Hur..boldt may 
have followed the path of least resistance by flowing along a fracture 
zone that developed along the crest of this antiform. 

Argenta Rim appears to be capped by a large plate of basalt (Figure 
11), and was so mapped by Wlllden (1963). Although the whole area may 
be mostly basaltic, Argenta Rim is not completely covered by a resistant 
basalt layer. It appears on the underflight data to be capped by 
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louderbacks or, more precisely, louderback lava flows (Figure 13). A 
louderback Is defined bv the A.G.I. glossary as "a remnant of a lava flow 
appearing In a tilted fault block and bounded by a dip slope. It is 
named after Geome D. Louderback, a North Anerican geologist, who used 
It as evidence of block faulting In basin and range topography". Fair- 
bridge (1968) states that "where base level has been lowered, the louder- 
back stands out as a soeclal type of lava capped mesa, coulee or abutment". 
This definition Is applicable to Argenta Rim and the Sheep Creek T^ange. 

Cnncjus Ipri 

SKYLAB's synoptic view of the Earth's surface provides Insight Into 
geomorpholoqlcal interpretation never before available This photography 
in its original scaU of 1:936.000 and the enlarged scale of 1:250,000 
Is excellent for reconnaissance interpretation. However, with these 
scales anci no stereoscopic coverage, there is a decrease in detail and 
interpretative capability. 

Conversely, through observation, experience, and Intuitive Insight, 
large magnitude landforms can be perceived for the first time in their 
entirety. Previous missions involving low altitude large-scale photo- 
graphy allowed viewing only of smaller components of these landforms. 

With SKYLAB's synoptic view these "macro landforms" become visible and 
can be related to other geoi^orphic elements 



Figure 13. U-2 underflight photography showing Argenta Rim (Z) and 

Whirlwind Valley (R). Louderbacks (2) form resistant 
"caps" of Argenta Rim and associated areas. Note landslide 
(1) In Whirlwind Valley. Original Scale 1:120,000. 
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GeoMorphlt Reconralssance Using S Fi*at’t*s 1 and 4 

In addition to the previous detailed oeontorphic analysis of S-190B 
frames 3 and 4, roll 85 a reconnai ssans#* type analysis of frames 1 and 4 
are presented subsequently. 

S-190B frame 1 (Fioure 14) covers a portion of the Great Basin's 
western boundary. The northwestern portion of the frame is predominantly 
a volcanic plateau, whereas the southeastei protion, the Black Rock 
Desert, is primarily Quaternary alluvium (Nevada Bureau of Mines, Bull. 

59, Geolo<iic Map of Hunboldt Co., Nevada). Identification key is pre- 
sented in table 3. 

Mesa forms as Gooch Table, Rock String Table, and Biq Spring Table 
are readily identified as basalt-t ai'ped I'lesas. The logderback ridges 
at the southeast end of the Calico Mountains as seen or the SKYLAB frame, 
have been geologically mapped as undifferentiated Tertiary volcanics. 

Numerous landslides and/or mudflows can be identified. Of particu- 
lar interest is the landslide that appears to have formed Summit Lake. 

It appears that the slide first moved downslope in a westward direction, 
and then was diverted southward, blocking the valley of Mud Meadow Creek. 
Such mass movements are detected on the geologic map only if the material 
of which they are composed slides or flows over different geologic 
materials. If this is the case (e.q. along the west side of Craine Creek), 
the I'obe of slide material is geologically differentiated and also is 
identified by hunmocky, irregular terrain with a blotchy tonal pattern. 

The volcanics are clearly thrown into a series of fold ridges in 
the area northwest of the head of High Rock Canyon ("19" on map) appears 


Table 3 

IDENTIFICATION KEY FOR FR/»tE 1 


A Bilk Creek Mountains 
B Black Rock Range 
C Cal Ico Mountains 
0 Jackson Mountains 
E Pine Forest Range 
F Charles Sheldon Antelope Range 
G Coyote Hills 
H Black Rock Desert 





Figure 14. S-190B frame 1. roll 85: scale 1:602.000. Overlay 

geomorphic Interpretation number and letters 
Identified In tables 3 and 5. 'excers 
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to bt i volcanic cantor and may bo tha tourca of tha loudtrback flows 
south of High Rock Laka. 

Tha whitish tonal pattams along tha croaks loading south and wast 
of Continantal Laka (6g on map) rasult from aroslonal dissactlon of 
tha volcanic covar and axposura of tha fossll-baaring Tartlary laka 
sadimants banaath tha volcanics. 

Evidanca of former laka lavals Is sporadically present around the 
periphery of Black Rock Dasart. This area periodically was part of Lake 
Lahontan during Its higher stands (Russell, U.S.G.S. Monograph 11). 
Russell's maximum lake elevations roughly coincide with strandllnes tha'; 
can be Identified on the SKYLAB frame. These strandllnes can also 
correlated with topographic data shown on tha Vya, Nevada 2° topographic 
sheet. A large wave-cut cliff (13 on map), terminated by a double- 
pronged spit formed at tha and of tha Black Rock Range "peninsula" Is 
a compound form also believed to have bean formed by Lake Lahontan waters. 
On the north side of Rock Point, a bay mouth bar encloses a per- 
ched "side-hill" playa. 

Elsewhere around the margins of Black Rock Desert, particularly on 
tha southwest side of the Jackson Range and north of Quinn River Crossing, 
are a complex series of strandllnes or wave-planed benches. Clearly, 
more stands of Lake Lahontan are shown than the major episodes described 
by Russell and Morrison. The central part of the basin seems to be 
occupied by clay dunes (5 on map). 

S-190B frame 14 (Figure 15) covers the southeastern portion of the 
study area. This frame Is unusual for the region because It contains two 
through-flow valleys that are not closed Intermontane basins. These 
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Figure 15. S-190B frame 4. roll 85: scale 1:602.000 . Overlay 
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dralnagti. Pine Valley C'R'' on the map) and Huntinqton Valley ("N" 
on rap) flow northward Into Humboldt River. Most other valleys have 
the typical closed basin centripetal drainage of the Basin and Range 
Province, Including rather extensively developed playas. Relict strand 
lines, Indicating former high stands of Quartemary playa lakes. Inter- 
mittently ring each of these basins. Identification key for frame 4 Is 
presented In table 4. 

Ihe playas In Newark, Grass, and Diamond valleys are all located 
near the extreme northern ends of their respective basins, and each Is 
bounded by extensive alkali flats on the south. Decrease In natural 
alkalinity southward results in limited aoricultural and grazing devel- 
opment on leached nonalkaline soils. We suggest gentle epierogenic 
tilting northwart' if these basins over a long period of time and corres- 
ponding migration of water table Intersection with a sloping ground surface 
results in a leaching-depositlon Interface, or precipitation thres- 
hold. 

Two of the basins have Interesting geodynamic aspects. Drainage 
from the northern end of Grass Valley has recently been diverted by the 
process of basin capture, and now discharges to a base level almost 
1,100 ft. lower In Crescent Valley. Infomatlon from water table eleva- 
tions In wells drilled In the Cortez area suggests that the groundwater 
divide has not shifted to the position occupied by the surface drainace 
divide. This Indicates that basin capture and drainage reversal is a 
fairly recent geomorphic event. 

A somewhat similiar situation pertains in the Kobeh Valley-Diamond 
Valley section ("T" and "S" on map) on the bottom part of the SKYLAB 


Table 4 


LQ.£N^if,IC AT10N KEY FOR_ F^E 4 

SK-Tj AB fram g^ 4 

AA Long Valley 
BB Diamond Valley 
CC Buck Mountain 

A Cortez Mountains 
B Ruby Mountains 
C Diamond Hills 

0 Pinon Range 
E Dry Hills 

P Slirtpson Park Mountains 
G Table Mountain 
H Sulphur Sprinos Range 

1 Toiyabe Range 

J Maverick Springs Range 
K Lone Mountain 
L Dry Hills 
M Tuscarora Mountains 
N Huntington Valley 
0 Crescent Valley 
P Ruby Valley 
Q Grass Valley 
R Pine Valley 
S Diamond Valley 
T Kobeh Valley 
U Mahogany Hills 

V Fish Creek Range 
W Roberts Mountains 
X Whistler Mounta i n 

Y Mountain Boy Range 
2 Newark Valley 
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Numerical key for all S-190B fraiiieb 

1) landslide 18) inse 

la) mudflow 18a) Ali>ii 

2) louderback 19) vole 

3) wave cut bench 20) lava 

3a) terrace 21) cald 

4 ) strandlines 22) wind 

5) dunes 23) pere 

6) playa 23a) Hjnit 

6a) Massacre lake ?3b) Ouir 

6b) Middle Lake 24) hotjt 

6c) West Lake 

6d) Fatty Martin Lake 49) trer 

6e) Gridley Lake 50) fant 

6f) Gooch Lake 

6g) Continental Lake 

6h) Newark Lake 

6z) playa lake 

7) fault-line trace 

7a) fault trace 

6) bajada 

8a) pediment 

9) fan 

9a) compound fan 

9b) delta 

10) spring or seepage area 

11) lake 

11a) Summit Lake 

lib) Alkali Reservoir 

11c) Svan Lake Reservoir 

lid) Swan Lake 

l!r^) Bilk i reek Reservoir 

Ilf) Rock Spririg Table Reservoir 

11) ) Rye Patch Reservoir 

12) interrittant lake 

12a) Onion Lake 

12b) Pitt ’avlor Reservoir 

13) spit 

1^-) mountain (hill of ci rcur.al 1 uviation ) 
It) urban area 

Iba) Wlnnemucca 

15b) Battle Mountain 

16) folds (?) (anticline and/or syncline) 

17) plateau 

17a) Rock Spring Table 

17b) Gooch Table 

17c) Big Spring Table 

17d) Railroad Point 

17x) mesa 

17z) butte 


inselbem 
A1i>hd Mountain 
volcanic cone 
lava tongue 
caldera 

windgap or watergap 
perennial river 
Humboldt River 
Ouinn River 
hogback 

trench (headward migrating) 
fanhead trench 
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frwit. tobth Valley historically has Intaorated the dralnasa basins of 
northern Monitor Valley and Antelope Valley (off map) Into a tingle 
drainage net. At tome point In time. It appears that basin capture 
hat occurred and the Kobeh drainage has been diverted through the Devil's 
Gate into Diamond Valley. It Is possible that this Intarbasin transfer 
occurred at the time of pluvial lakes, and the connection established 
to drain the northern Monitor Valley Lake was maintained after these 
lakes disappeared. 

It is not clear from analysis of the SKYLAB Photograph whether the 
Di^nond Valley Lake drained in turn into Huntington Valley and the 
Hunboldt Rivera though this connection is implied by Snyder, et al. 

Diamond Valley^S^an^asymmetric syncline. The dip slope and cret 
slope of an inward dipping hogback are clearly seen on the west side of 
the valley. Table Mountain (G on map) is also a hogback ridge of resis- 
tant rock standing above the surrounding terrain. 
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FAULT STUDIES NORTH-CENTRAL NEVADA 

The fault studies were conducted in the Battle Mountain area of 
northcentral Nevada. (Fioure 16). The physical description of the area, 
the ^eoloqical settinn, veqetation, cl irate and land use have been des- 
cribed in the previous section on qeatorpholooy. 

The sat.ie basic data (products wore used for both studies havlnq 
been taken from Skylab durinq SL-3, alonq tract #20, on Auqust 12, 1973. 
Although the S-190A data was used in comparison with the S-190B black- 
and-white photography, the studies were conducted primarily using the 
longer focal length S-190B photos. The choice was predicated entirely 
on the need for and the capability of the S-190B system to produce higher 
resolution photography. The data frnm Skylab were taken at 7:45 in the 
morning local time providing excellent low sun angle photography under 
ca.ipletly cloud free conditions. The horizontal visibility from the 
ground at the time of the overflight was son.e 65 miles. The suns 
azimuth was approximately due east and the sun's angle was near 28 degrees. 

The Skylab data were analyzed in conjunction with black-and-white 
photography acquired during two U-2 underf 1 iqhts on Septeriber 18, 

1974 and October 17, 1974. The first U-2 Sept, mission covered the 
entire Winnemucca 1:250,000 2 degree topographic map which included all 
of Frame #3, as seen from the August 12th, Skylab overflight. The 
U-2 missions required four east-west flight lines to provide complete 
photo coverage at 60% forelap and 20" sidelan using the 6" focal length 
RC-10 camera, thus nroducinn a fonnat of approx imatel y 1:120,000 scale, 
assuming an average surface elevation ot 5.0C0 ft. A second 24" focal 



Figure 16. This Is a 1.5x enlargement of a frame taken by the S-190B 
sensor on board SL-3 on Track 20, August 12, 1973. Approx- 
imate time, 0745 (local). 

Major structural features are mapped. General outlines of 
areas of concentrated studies. Including underflight photo- 
graphy and ground truth data, are shown as areas 1, 2, and 3. 
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length c«nere was operated simultaneously providing partial coverage 
at a scale of 1:30,000. The 1:30,000 photos were In stero but covered 
only four miles on either side of nadir. This first mission was begun 
when the sun angle was at 20 degrees and during the one hour required to 
fly all four lines the sun angle had Increased to 30 degrees. The 
second U-2 mission Oct. flew the same lines with the same cameras and 
film, from the same elevation but began the mission when the sun angle 
was 10 degrees and finished when the sur> angle was 20 degrees. 

These three sets of data at approximately the same azimuth but at 
three different sun angles gave us a unique opportunity to study struc- 
tures using shadow enhancenient and to make canparatlve .judgements using 
varying sun angles, seperate scales and different analysis techniques. 

The state geologic maps covered by Frame #3 from Skylab and the 
U-2 underflights Included parts of Eureka and Humbolt Counties in a pub- 
lished form and Lander and Pershino Counfes in a preliminary form. All 
four maps are at a scale of 1:250,000. 

The Initial 5" x 5" transparent positives acquired from the S-190B 
system were utilized to make a set of contact negatives from which 
3.77 enlargements were made. These enlargements closely approximate 
the 1:250,000, state topographic and county geologic maps. 

Analytical Procedure 

Since stero coverage was not available ^roiTi Skylab on August 12th, 
a secondary procedure was adopted that took advantage of the low sun 
angle enhancement. A number of mechanical and photo- Interpretive tech- 
niques were experimented with before It was deternined that the best 
method of observing the greatest detail was by using the 5" x 5" 
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positive transparencies on a Hqht table front which the data could be 
scanned usinq a binocular microscope. When viewed In this manner the 
low sun-angle photography has a distinct three dimensional character- 
istic that Is maintained thru all levels of magnification and a wide 
range of lirilnation. Using the binocular technl-^ue the structural Infor- 
mation was transferred to a mylar overlay on the 1:250,000 photo. This 
was accanpl Ished by two different Interoreters and a consenus of their 
Interpretations was then reproduced and is presented as the overlay for 
Figure 16. Where coverage occurred, these data were then canpared to 
the existing geologic maps at the same scale. 

A brief ouallfyinq statement about how the county geologic maps 
are comiled Is necessary to avoid any false Impressions that may arise 
from comparing the maps with interpretations made from the Sxylab photo- 
graphy. Firstly, the county maps are extre»nely variable partly because 
they are the product of many different authors who have had a great deal 
of freedom In Interpreting what appears as a final product. These maps 
are often compiled from oxisting geological maps done on a smaller scale 
by a number of different geologist with widely varying backgrounds and 
often quite divergent Interest. As a result a nuntber of quadrangles, 
from which a county map Is canposed, have been mapped in greater detail 
v/hile chose quadrangles immediately adjacent to them may have been 
mapped on a reconnaissance basis oniv. Secondly, an area which has had 
a great deal of mining activity may have becm napped by a number of 
geologists who have had the benefit of information derived from drilling, 
trenching, and drifting as the exploration progressed. 

The resulting county maps, therefore; are not uniform within a 
given county nor are they uniform fran county to county. 
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Frenchle Creelk Muadranqli* Area «3 

A qood exd<tip1e of the dilemma In trying to compare and evaluate the 
data can be demonstrated In the Frenchle Creek Quadranqle which Is In- 
cluded in the Eureka County Geologic Mar, and Is shown as Area #3 on 
figure 16. Excluding the areas of highest relief In the upper left and 
lower rlqhthand corners of Area #3, It can be s<»en that a nutiber of actual 
and probable faults have been mapped In the alluviufn. These features 
which were mapped as actual or probable faults on the Skylab transpar- 
encies do not appear on the county map. However, some of the features 
do appear on the Frenchle Creek Quadrangle geologic map (detailed geologic 
mapping by L. >1. Patrick Muffler, 1964). The features we showed as 
faults are Included on Mr. Mufflers map of the area, but his Interpreta- 
tion was that they are beach lines of prehistoric lakes. A second Inter- 
pretation Is given by Robert Willson, a geologist on the Southern Pacific 
Mineral Survey, 1960, for the same area, where he refers to the features 
as probable or doubtful faults. 

The authors of the Eureka County mao (1963) choose not to Include 
Mr. Willsons data but did Include Mr. Mufflers work. However; In com- 
piling the final county map, the authors excluded Mr. Mufflers Interpre- 
tation of the features as beach lines and. Instead, choose to leave the 
area blank. Part of the reasons why these Interpretations are excluded, 
although there Is seldan any explanation. Is that authors edited out In- 
formation they believe to be questionable or of limited value, or they 
simply decided not to Include specific Information. 

Field examinations of the northeast trending features mapped b\ 
Messers, Muffler and Willson Indicate that sore of the features could be 


?6 


relict stream channels that have been enhanced bv vegetation as well as 
shadowing effects, although some of the features have a simile scarp and 
are not enhanced by vegetation and are more likely to be actual faults. 

The most prominent fault feature (Fault A, Figure 17) which has a 
scarp of over 9 feet In places and extends for a distance of approx Imately 
four miles. Is outside of the area mapped by Wlllsun and only the most 
southern portion is Included within the Frenchle Creek quadrangle as 
mapped by Muffler. In this case, however, the fault does not appear on 
any of the maps. A reason for this Is that the quadrangle to the west, 
where the fault Is most prominent, Is not mapped In detail. 

For these reasons a direct comparison of Skylab photography with 
the existing geologic data Is a highly speculative venture and should be 
approached with caution, as it is easy to make personal Interpretations 
look good for the wrong reasons. 

While there is considerable disagreement about the origin of the 
features at Frenchie Creek, no one who examined the Skylab photos had 
any trouble seeing them. What makes the identification problem intriguing 
is that the features were located and mapped fran photography taken 270 
miles above. Perhaps even more intriguing is the fact that field collec- 
ted data revealed some of the features to be no more than 3 .’eet high. 
Granted, some of them were enhanced bv shadows or in some cases by vegeta- 
tion, but the fact remains that they were seen and mapped from Skylab 
photography. 

Battle Mountain Airport Area i“l 

From Skylab a serie- of topographic features were mapper! as northeast- 
trending faults or fault-traces cutting diluvium and fan material. The 



Figure 17. Structural mapping froni SL-3 and [}■■?. unde-^flight data on the 

v/or>tern edge of The Frcncfiie Creek Quad and on the eastorr. edge 
of the Crescent Volley Quad (1:62,500). These structures have 
been called probable or doubtful faults on soine maps, strandlines 
on other & conpletcl y oinitted on still others. Fault A is 
relatively obligue to the topography and has a scarp of nearly 
9 feet. 
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location Is south and east of the Battle Mountain as shown In Area #1, 
y figure 16. The same topographic features are shown as faults on the pre 

Miiilnary county geologic mao for Lander Countv. Since the faults were 
mapped a comparison of how well we were able to map the same features 
^ was possible. We were encouraged to find that nearly ninety percent of 

the structures we had mapped from Skylab were comparable to those shown 
on the 1:250,000 scale county map. 


The two 

U-2 missions overflen the same area with ^oth a short and long focal 
length photo system^ 

with 1:110,000 

and 1:30,000 scale photographic coverage at the same sun angle comparable 
to the Skylab photography with only a modest change in aziitiulh. /6* 

All of the U-2 were analyzed using different enlarge- 

ment scales and photo-interpretive techniques from which comparisons 


were made with the geologic map of the countv and with Skylab photography. 

Again, the best detail and greatest resolving power was achieved using 

. tj/omnoJ'iottfS 

the positive transparencies, jlfiiililUUll, and a binocular microscope. 

Both sets of phc ograph;^ Itohi the J-2 flights were analyzed by different 
interpreters and a consensus of their analysis was used to produce the 


overlays for Figure 18 and Figure 19. 

Although the MU presented here M from the October overflinht 
when the sun angle was nearer to twentv degrees, it was not significantly 
different front the MU of the September fli-ht when the sun angle was 
closer to 30 degrees. Both sets of Mv were comparable for the Area #1 
which is one of very low relief. 


j 


4 





Figure 18. Area 1. A portion of a contact print taken by the U-2 

aircraft underflight mission, October 1974. Scale is approx- 
imately 1:110,000 (6" focal length camera). Sun angle approx 
imates that which was present during the SL-3 imaging. 
Structural features mapped include the prominent basin and 
range fault outlining the Northern Shoshone Mountains and 
the extensively faulted alluviun. 





Figure 19. Area 1. A portion of a contact print taken by the U-2 aircraft 
• underfllght mission, October, 1974. The approximate scale Is 

1:30,000 (24" focal length camera), and the sun angle approx- 
imates that which existed at the time of SL-3 Imaging. Struc- 
tural features mapped are recent faults In the alluvial deposits 
at the northern flank of the Northern Shoshone Range near Battle 
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Field examinations were made of Area #1 to determine what we had 
mapped and how accurately we were inappinq using the various techniqi 5. 
Measurements were conducted along two lines which traversed most of the 
major topographic features. The following are comitients taken from the 
field observations at specific locations which are numbered from 1 to 
10 on both sets of aircraft photos. 

Measurement site: 

rl . This feature is enhanced by thick green foliage growing on the down 
dropped side of a scarp that has about 30 inches of relief. 
n. Not mapped fr'om Sky1ab...the tooographic relief is not more than 
two feet... the feature is discernable as a slight dip with a change to 
thicker vegetation on the lower side. 

r3. Feature is not discernable as it crosses the road... it has about 3 
feet of relief on the northwest side of the road enhanced by a change in 

vegetation. 

Not mapped from Skylab. . . seen only as a change in vegetation with 
a very slight dip. .. possibly a relict stream channel. 

"fj. Highest scarp on the fan complex. . .crosses road with about 14 feet 
of rel let. .. some vegetation enhancement which may be associated with water 
wi.ich occurs from seepage along the scarp. 

- -Topographic feature 6-10 measured along second traverse*"” 

Steen fault scare v-»ith ’.egetation enhancement. .. aoprox imately 5 
^e^'t o' relief. 

... . Not mapped from Skylab. . .very subtle topographic feature... no vege- 
tation enhancement. .. about 3 feet of relief. 

r8. Part of this fault mapped from Skylab, but north of the intersection 
with the road.. .approximately 3 feet of relief... no vegetation enhancement. 
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#9. Part of this fault Mas mapped from Skylab* but only that portion 
north of the Intersection of the road... 5 feet of relief and no vegeta- 
tion enhancement. 

10. Steep fault scarp with relief averaging 5 to 8 feet. . .slight vegeta- 
tion enhancement. . ."Sag Pond" like structures along the scarp. . .water 
seepage. . .this feature Is most likely a continuation of the fault seen at 
site 15. 

The results of the ground-based analysis Indicate that in each case 
the low sun-angle photography enhanced the small topographic variations 
or breaks In slope or Intensity of the vegetation. 

Most of the major structural features mapped from the aircraft 
photography were also mapped from Sky lab data* and* although some of the 
features were not discernable* the principle differences were very subtle. 
Again* the problem was not so much a matter of seeing and mapping the 
features but rather* agreeing on their probable origin. 

The authors of the preliminary geologic map for Lander County show 
the features In Area #1 as faults In very much the same manner as we have 
mopped them from the Sky lab photography. 


Dr. William Melhorn 


of Purdue University took strong Issue with those of us who labeled the . 

g{ k( he h td ^ siefM' 

topographic features as "faults", QtfSCZiBBffiP "Field examinations and 


study of the photography clearly suggest that the area Is a complex of 
intersecting and anastomosing channel scars end meander scrolls which are 
relicts of past migrations of Reese or Humboldt rivers as they have pro- 
gressively wandered back and forth across their floodplains. The 
features mapped as faults on the Lander County map are seen as sinuous, 
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brtldfd channti stgmants of magnitude and form simlllar to those of the 
present streams and therefore are no more than vegetatlonally enhanced 
relict channels no more than a few feet deep". 

From point of view not all of the features can be shown to be 

he n 

faults using photography, but t «« confident that the descriptions pro- 
vided at sites #5 and 110 are excellent field critera for faults and, to 
a lesser extent, so are parts of many of the others. 

It seems opportune that channel scars and meander scrolls would 
survive In their present form and number in only one area, when one con- 
siders the size of the flood plains of the Reese and Humboldt rivers as 
seen from the area we have mapped Figure 1. The northeast orientation 
of the features approximates the basin-range structures and closely par- 
allels the existing fault-trends. It Is also difficult to explain how 
fluvial features can survive many thousands of years of erosion and depo- 
sition when they are nearly perpendicular to the existing drainage. 

While It Is difficult to arrive at an agreement as to the exact 
origin of the topographic features from what has bev»n observed. It would 
be a relatively simple task to trench several of the features and make 
the appropriate sub-surface determinations of these and similar features 
at Frenchle Creek. 

A high percentage of the faults mapped during this study were re- 
lated to the northeast trending mountain ranges formed by basin-range 
tectonics. As a result the greater number of faults mapped trend parallel 
to the mountains and can be seen as very light or very dark colored scarps 
depending on their orientation to the eastern sun light. 
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Trout Crtok Area #2 

Those faults darkened by shadows were alonq western facing fans 
adjacent to the mountains; a good example of this can be seen In Area #2, 
figure 16- 

The selection of Area #2 was made after numerous field examinations 
In other localities as a typical example of basin-range faults with slight 
changes In orientation, and with a wide range In elevations which could 
be viewed from several sun-angles at different scales. None of the faults 
In Area #2 showed any appreciable amounts of vegetation enhancement, 
and. In most cases there was none. 

Initially the area was mapped from Skylab, and later from the photo- 
graphy acquired on the U-2 missions, the example shown here, being the 
1:110,000 scale data from the October overflight. The photography 
(Figure 20) Is annotated for the purposes of referencing the text, with 

numbers 1 thru 4 representing Individual sites. The mapping on all photo- 

TfC i) 

graphy was accomplished using positive transparencies, iMVIt <hd 
a binocular microscope. Two Interpreters did the work Independently 
and a concensus of their work was used for the final Interpretations. 

Site #1, which Is on the drainage west of Trout Creek, Is the location 
of the highest fault scarp In Area #2. At this location the north- 
trending scarp was nearly 40 feet high with varying slope angles averaging 
slightly more than 6 degrees. Following the same fault scarp south from 
Site #1, the elevation decreases to less than 8 feet before turning nearly 
due west. At this point the fault orientation is less than 30 degrees 
from being parallel to the azimuth, of the sun. At the time of the 
overflight the sun azimuth was estimated to be near 25 degrees south of east. 



Figure 20. Area 2. A portion of a contact print taken by the U-2 air- 
craft underflight mission. October. 1974. The scale Is approx 
Imately 1:110.000 (RC-10 camera with 6" focal length lens). 

The sun angle approximates that which was present during the 
SL-3 photography. 

Structured features mapped include discontinuous basin and 
range faults and more recent faulting In the alluvium. 
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This demons tratfs, that while It Is Ideal to have the suns azimuth per- 
pendicular to the fault scarp, fault orientation need only be within 60 
degrees of either side of the suns azimuth to be enhanced by shadowing 
effects providing, of course, that the sun angle Is low enough. 

From mathematical models derived by Lee and Sawatzky (1974) It can be 
Inferred that a fault scarp may still be enhanced when the sun azimuth is 
nearer 2C degrees of belno parallel to the fault orientation. 

Figure 21 Is a nhoto taken from site K2 of the very straight north- 
east-trending fault whose scarp is In shadow. The photo was taken when 
the azimuth and sun angle were ver^ similar to those seen on the Skylab 
photography. The scaro varys from 8-10 feet in height with an average 
Slone of some 6 degrees. Both of the previous faults were mapped In 
detail using Skylab photography. 

At sites A3 and #4. only the fault at site #4 was m.v*'ed with cer 
tainty from Skylab photography, while the fault at site #3 was Inferred. 

A photograph of these two faults was taken from the ground looking SE 
from site #3 toward the mountains Figure 22. The photo was taken it a 
time when the azimuth of the sun and the sun angle were close to those 
seen on the Skylab photgraphy. The fau.t at site #3 Is delineated by 
the dashed line where It crosses the road. The fault scarp at site #4 
can be seen In the background as a dark line parallel to the range front. 
The maxiMun height of the fault scarp at site #3 did not exceed 3 feet 
along Its entire strike, while the fault scarp at site #4 exceeded 5 
feet In some places. 

The remaining aircraft photography did not add substantially to 
that which had already been Interpreted. The comparisons made previously 



f Iqurp 21. .ooktm) south In A»'«m 2. Projectino the left is one of 

the proinjndnt fdult scdr;''; It jt; shov^n hnre shadow enchanced 
witfi almost the same sun afv’le as was oresent for the SL-3 
and U-2 nhotonraphy. 



Fioure 22. Lookinu southeast toward the mouth of Mill Creek in Area 2. 

This photograph attempts to show the shadow enhancement of 
faults of very low relief. The sun anqle is very closely 
approximated to that which was present durinq the SL-3 and 
t)-2 tlicihts. 


i 
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betwten all three cemere systems used during the study of Area #1 are 
a typical example of what is lost in terms of the overview and what fi 
gained by better resolution. 

More than ninety percent of the faults mapped in Area #2 using Skylab 
photography are shown as faults on the prel imirarv geologic map for 
Lander County* by John h. Stewart and Edwin H. McKee, 1970. 


Conclusions 

The Skylab photography provided an excellent forri.at on which to map 
faults at a reconnaissance scale that compared favorably to that which 
was mapped^at l:25C,C0C scale. In the case of the mere recent faulting, 
the detail mapping wa? tetter than that shown pn a 1:260,000 scale. 

There are many different land toni»s unigue to arid lands, and the 
basin and range in particular, Ml we had to learn tc core with before 
we became proficient at MlMlil faults from other features. For 


Instance, 

trenoM parallel to the mountain ranges^ Hl 


man/ basin-range faults 

Shore lines of the ancient lakes, vestiges of which can 

be seen in manv of the basins along fans and margins of the mountains. 

On cccaslons the faults and the shore lines are parallel or subparallel 

to one another making positive identification difficult. When the ancient 

lakes retreated, however, they often left more than one shore line, and 

- 4 f€ 

the parallel helpful to the 

interpreter. Another feature of shore lines is that they tend to follow 

the same elevation and tend to curve around areas of higher relief 

which assists in their identification. There are examnles^>#ht;re parts of 
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Ihort lines heve sur.tved „lono the lone e«is of besins meklno Identlft- 

f » **•" •* SrouhH level. There ere shore lines .dilch 

probebly coincided with feult treces In the erees north end eest of 
helker teke end elonj the eastern side of Pleasent Valley. 

J , Shore lines are not the only linear or curvilinear feature that 

can be confused with feult traces when Interoreting Skylab data. Many 
of the products of fluvial process such js relict streams, channels, 

• ^ drainage patterns, bars and spits mav also be contused as faults at these 

scales. 

In areas of higher relief changes in lithologies, color, patterns, 

^ dikes, and many different types ot SSSgSL features are commonly sus- 

pected as faults, vegetation, or the lack thereof, o. ^fitSS^'^created 
by It will be suspected as a fault^ra^e at^dlffer-mt times of the year. 

^ »4ll5lnterpretat1ons can also to the effects of grating and the 

routes taken by animals to grazing areas. 

Many of these problems are not unique to warping geology from alr- 
^ photos, but the problems are compounded when viewed from Skylab where 

« single photographic frame can cover over 10,000 square miles. We 

have examples where a single frame covers five basins and four different 
^ mountain ranges. 

Becausa we had the benefit of good aircraft and spacecraft photo- 
graphy over the same area. It serais appropriate that we should male some 
cocniants concerning the photography, the cov.-rage,1|^ sen.e of the opera- 
tional constraints of the two systems. 

There Is ample evidence to show that the August 12, 1973, mission 
provided good low sun-angle ohotograohy from which we were able to extract 
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• oreit deal of useful geoloylc Infontiatlon. Tne black-and-white 
photography used was the best fonnat for 7:45 In the morning, and It gave 
us the best resolution possible. The coverage, while not (Si-Stereo, nor 
over our Initial test sites, was none the less over a similar area and 

one where we could conduct most of the experiments we had originally 
planned. 

The weather conditions were Ideal, and the speed at which the orbitor 
flew resulted in the production of over 20, COO souare miles of coverage 
as It crossed the state at what was essentially an unchanglna sun angle. 

However, when consideration Is given to how many times Skylab flew 
over Nevada; how often It passed over a oiven site; at what times It 
passed over a given site; what the weather conditions were like at the 
time of each pass; what the priorities were along the flight track at 
the time of each pass; what the operational constraints may have been; It 
Is e.ldent that we were not planning for what we got, but rather took 
what we could uet. 


, At n overflights at Battle Mountain 

are a good example^ We selected the camera svstems we needed, the film 
load, the camera settings, the flight elevation, the time of flight, the 
geography and direction of flight, and finally, working with the opera- 
tions group the systems were launched under ideal weather condii’'ns. 

When the September mission ran Into operational problems and arrived 
over the target one hour late, and therefore could not provide data with 
the exact sun angle requested, the mission was reflown a month later. 

During the one hour It took the U-2 to fly the mission, the 6" 
focal length camera expended CO frames of o- x h- film which provided 
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complfte coverigt it 6UX forelip and 20 % sidelap of over 7,000 square 

miles. The 24" focal length camera required more than 10 times as much 

if 

cost^for each U-2 


mission 


film for one half the ''overage. The total costal 
Including film processing was about $6,500. 

A single frame of S-190A photography provides complete coverage of 
nearly 10.000 square miles on a single 70mm frame, while the S-190B 


camera produces nearly 4,500 square miles of coverage per 4.5" frame. 

tkip 

We have no idea of the cost of a single frame of photography, 


nor are we sure than anyone else does, although logic tells us that a 
cotnoarison would be lopsided. 

There are many reasons to suspect that equating aircraft and space- 
craft photography on the basis of dollars per frame or miles per frame 


etc., are not realistic, 
unique unto themselves. 


They are probably sufficiently different to be 
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RECONNAISSANCE FAULT MAPPING WEST-CENTRAL NEVADA 

From what we had learned about mapping from Skylab in the Battle 
Mountain area, we now applied on a reconnaissance basis to other areas. 
Utilizing the same analytical techniques, we mapped ap»' imately 20,000 
square miles using S-190A and S-190B photography. 

The area encompasses the west-central portion of Nevada, and parts 
of the basin-range, bordering eastern California. 

The photo<iraphy was taken at 8:30 a.m., on August 11, 1973, along 
track #6 and 1?!30 p.m. on September 13, 1973, along track #59, both over- 
flights occuring during the SL-3 mission. The track #6 photography that 
was used extends along a line from north of Walker Lake to south of Gold- 
field, Nevada, while the track #59 photography starts over the Sierra 
Nevada of California, passes over Mono Lake and terminates on a line south- 
east of Walker Lake. 

The August overflight provided good low sun-angle photography at a 
time when there were no clouds and the horizontal visability at ground 
level was more than 65 miles. The September overflight was at 12:30 p.m. 
when the sun was nearly vertical, and at the time there were some patchy 
cumulus clouds, although the horizontal visability was nearly 50 miles. 

Analytical Procedure 

From track #6 we used both the S-190A and S-190B low sun-angle photo- 
graphy. From the S-190A system we mapped on 4x, black-and-white, positive 
transparencies using illumination and a binocular microscope. 


39 


S"190A Afjj lysis 

The S-190A photohrephy u,ed the a„a,y.H Is or a scale of 1.-7OJ.0OO 
wuh each fr„e coverlno ten thousand s..,,-,. ,„„es. only pant of which are 
^^Own in Mnunes « and Hd, The oven, ays fon the fluunes wene caaplled 
rom a coiisenus of two sooerate interuretations. 

at the wauen Lane. The Walhen Lane has been described as a tone of 
Taults with ,.,adon nlpht lateral sHppape. although considerable disagree- 
.Jt about ,ts or.gin. distinctive faulting, the a,„eunt of movent along 
'■ T««Us. and its „eocraphic ll„.ltc can be found throughout the Htera- 

7' the Lane is also uncert" 

oucih very recent cut drainage patterns and alluvial fans 

within and parallel to the 

A predominantly east- west pattern of fault traces can be seen on the 
south-west portion of Figure 23. This trend begins near Mina. Nevada 
vnd continues westward past the northern end of the White Mountains where 

more souther. V direction. This strong east-west alignment 
as been described by .Speed and Others (1976) as a possible vestige of 
a fomer wide spread zone daninated by NE to E-strlking basin-range 
faults. A mmiber of hypotheses were proposed as to why the east-west 

Trend has suryived the dominam; effects of ncrth-sm.fr faulting which 
are still active. 

^ Nearly all of the area west of the north-south line between Tonopah 

tiriu F'liiiiK'fs 0/1 i’ll 

■dUf. n.|ure 24, r. included winiiri r . 

« -fiiri tsii.eraidd County while 





Figure 23. A portion of SL-3 S-190A frame 56, roll 30, showing the Walker 
Lake area of west-central Nevada. Overlays provide structural 
interpretation and epicenter locations. 
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ure 24. 


io faulting N>„bers 
r~vI«*L,tDlM^ii,Lull>P Or«*U|OMl»p 1 .ei«iL^ structural 

U[?tn?s of S^th Central Nevada. The second overlay displays 


cts to faulting. Nuiibers 


^—^trenas or ioutn t^euLrai - 

Onia(jX)*<!U».1»ing» oeoO^taaOHtions andctlifts tBlh&t 

oreclous metals. 


ion of 


the reoidininf} area to tne east H part of southern Nye County, both 
of which are in Nevada. 
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fhe eastern luarqini of the White Mountains can be seen in the upper 
left hand corner of Tiqure 24, and is the location of a very large fKttlh 
slip fault. Displace<nent along this fault, according to Albers and 
Stewart, 19?2, may be as much as eighteen mi Us. On the left side of 
Figure 24, along the bouth and western portion of Esmeralda County, are 
a series of arcuate fault sets. This pre-Tertiary bend in the topography 
has been referred to as the Silver Fcak-Palmelto-Montezuma Oroflex by 
Albers, 1967, and is thought to be the result of tectonic bending of tie 
crust. 

Most of thf faults associated with the arcuate features have a dip- 
slip movement with the down thrown side of the faults toward the valleys 
suggesting a very large area of subsidence. 

The prevalent fault traces on the riaht side of Figure 24, are the 
result of north-northwest and northeast high angle faults associated with 
basin- range tectonics. 

In the south-central portion of Figure 24 several circular features 
have been identified by Cornwall, 1972, as collapsed calderas that are 
related to a sequence of voung dt Black Mountain. 


Sufiimary 

Working froif the S-19CA photography at scale of 1:702,000 and 
coi'.paririij the results with existing vu=»oiogic maps has suggested that the 
larger scale structural features can be mapped and related to regional 

I 

tjr'f-nds which provides an overall view not available at lower altitudes. 
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ANAL VS Ij 

S* 190B Anal i . 

Ihe Seine an^lytiw! techni >ue% w»Kive apuned over ino'^t of the same 
areas usinu Yt color positive transuareac ies fnx't the S-190B system from 
whu h the overlavs produced for t i luros ar,d ?6. 

IMUMl The j^r)U6 photoqraDhic coveiMoe is about two thirds of that seen 
from the S~19t*A systeir. 



jti thr rifpi! ‘tvifU of r’-iuro Yb is a lonq white ulava that marks 
the an ter o* iir- rr bmoKev Valiev, the southern Uiit of the S'190H 


tO'UMph !• * uVpr>:‘ ‘r 



TThe comparative analysis between the S-190A and 
] \ ti th Figures r!5 


nt 26 , ie<»use S-/foa ihoerttt tv/M 

Where coverMoe was available from both systems it can be seen that 
more than twice us many faults were maroed usinu the ;i*!90B smoiuuraphv, 
Ti.e major faull trends as ■•Her; from the S-190A ohotouraphy hav» pci 
scanned siut. Ifir.aetiy t>ut have been accentuated In both dens i tv and detail 
rauMs associated with subtle, channes in tuposiraony', parllculrrly 
drainages and alluvial' u Jr !uct;s, wore oasay discernabfe. 

;,'vr>rul fault tree. us not seen on the S-190A phoUmiraphs wen; mupped 
fr om li;e S -iyOt pf.oUHru! c.'. In the center at F lnnre ^6, east of Wira. 


nmmmsam of thf 
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Figure 25. Frame 12 on track 6, S-190B. Major structural trends can 

be mapped directly on this quality data. The Walker Lane fault 
zone is depicted as the major north-west fault zone just 
east of Walker Lake. The Gabbs Anticline is at top center. 
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Figure 26. Frati’e 13 on track 6, S-190B, (Fif^ures ?5 and 26 are a stereo 
pair). Structural trends again show very clearly on the 
S-190B data. Detail mapping was accomplished using transpar- 
encies, and magnification frati which the overlays were made. 
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In the northern part of the Pilot Mountaini, a itrles of east-west fault 
traces were mapped In thi* pre-Tertiary rocks. Another series of east-west 
fault sets were mapped In the Ryan Canyon area east of Walker Lake In the 
center of Figure 25. The 1:250,000 scale Mineral County Geologic Map, by 
Ross, 1961, ihows the area to be canposed of granitic rocks but without 
any east-west faulting. The presence of granites suggest the trends may 
be dikes, but tnis was not confirmed by field observations. 

Another very dominant set of faults which is slightly curvilinear 
were mapped west of the Big Stiiokey Valley as seen on the right side of 
Figure 26. These faults are more and were found from field 

observations to be related to youthful basin-range faulting as they 
the uppermost volcanic sections which have been dated as late 


Tertiary . 

The east-west fault traces mapped west of Mina can be seen In much 
greater detail on Figure 26 and on Figure 27, as this trend bends south 
around the northern end of the White Mountains. Much of the structural 
detail was lost in Figure 27, because the photography was taken near 
midday which tends to flatten out topfigraphic enhancement. 


The Gabbs Galley Anticline 

Evidence of a large anticline was observed 1r the northwestern 

portion of Nye County, Nevada. The structure Is some 12 miles long and 

five 'lies wide, and from the photos it appears to have been faulted / y J. / \ 

^/a Cast, Ht tfructore, 6t ca//e g 

parallel to its north-south axls^., The western half may be part of a 

down-dropped block which is now being exposed by errosion. The orrjmlnent 
eastern half is being a 1 ong the tfW scaro, exposing the under- 

lying beds. The rei'ainder of the eastern half of the anticline Is intact 
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Figure 27. S-190B photogrdph (role R8, frame 7), showing Mono Lake and 

the southern extension nf the structural ber.d of the Walker 
Lane in the northern White Mountains and Fish Lake Valley. 
Nunbers refer to tarnets used in interpretation of S-192 data. 
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•fid It cnidtiy crttctnt-thaptd with • itrtam dralnagt trtvarting north 
to touth around iti aastam margini. Excapt at tha northam and of tha 
ttructura, tha bads itrika slightly aast of north and dip to tha southaast. 
whila tha plunga of tha anticllna was also datarminad to ba slightly 
aast of north. At thair highast point, tha north striking bads form an 
ascarpmant about 700 ft. abova tha valla>i on althar sida. 

Photographic coveraga of tha anticllna was obtalnad on two saparata 
SL-3 patsas. Tha first was along Track #6, on August 11th, (Figura 26), 
and tha tacond was on Track 159 on Saptenbar 13, 1973, (Figura 28). 

Covaraga was obtalnad from NASA's RB-57 high altitude mission 1248 
(Figura 29). also flown on Saptembar 13th. Tha aircraft covaraga was 
fortuitous as tha mission was being flown In support of tha S-191 Infrared 
Spactrowatar aboard Skylab. Tha August 11th overflight, utilizing tha 
S-190B camera, provided excel lant color staro photography of tha anticline. 
Tha photographs ware taken at 8:30 In tha morning whan tha ||W azimuch 
was nearly perpendicular to tha strike of tha structure; hence, there Is 
considerable shadow anhancomant along tha north striking bads. Both 
tha Skylab and aircraft missions of Saptambar 13th, ware flown whan tha 
sun*angla was near 55 degrees; hence, there was no shadow enhancement. 

Figures 25, 28, and 29 should be compared to the S-190A photography 
of tha anticline, Figura 30, taken during the September overflight to 
sea tha advantages of resolution and sun-angle. As a result, the structural 
Interpretations were best accomplished using the August ilth, low sun- 
angla Imagery. Tha midday photography of September 13th provided the 
bast radiometric data and was utilized in making lithologic determinations. 
Tha RB-57 employed two RC-8, 6" focal length cameras, one loaded with color 



Figure 28 PhotograDhy SL-3 with thf j-190B '-f*r‘;or on tract 59, 
September 13, '973. ’’’he 'labbs Anticline is noted at top 

center. Note the white ash bed alonri the breached axis of 
the anticline. Walker Lake is just out of view in the extreme 
upper left hand corner. 
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Figure 29. This photograph of the Gabbs Anticline was made by taking a 

picture of a color positive transparency. The original photo- 
graph was the product of an RB-57 high flight (mission 248). 
taken on Sept. 13, 1973. 

The Anticline is nearly 12 miles (22km) along its axis, and 
I is aligned slightly east of north. Lack of structural enhance- 

ment is attributed to the sun being nearly vertical. 
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Figure 30. Phctprraphy acquired by the S-190A sensor on S' -3 track 59 
Septanber 13, 1973. 

spea^al in/sitr Anticline and the Multi- 
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1nfr«red and the other with colored fktachronie. The resulting 110:000 

scale photos provided good large scale coverage. 

The state geologic map for northern Nye County is a preliminary 
map by Frank J. Kleinhample and Joseph I. Zlony. (1967). The map does 
not indicate the presence of an anticline nor- associated faults weet of 

Gabbs Va11e> . 

From field observations we wer-e able to confirm what had been inter- 
preted frorr Skylab photography - that the uppermost beds were not con- 
tinuous along the north-south escarpment, but had been removed In part 
by mitSm. The best preserved section of the upper beds Is at the northern 


end of the anticline. On the highest part of the anticline along the 
north-south escarpment a thin, dark-colored conglomerate caps the very 
light colored underlying beds. This conglomerate Is not continuous along 
the entire escarpment and Is ccnipletely missing on the southern end of 
the structure. The west dipping beds, which are only exposed at the 
northern end of the anticline, are being covered by alluvial fan depo- 

sition from the west. See Figure 31. 

The underlying light colored beds are waterlalJash fall tuffs, which 

can be traced continuously on the Skylab photos for about 10 miles along 
the north-south escarpment. Frcn field measurements it was determined 
that these beds strike approximately N with an average dip of about 

10° to the SE, (Figure 32). 

While examining the contact between t» conuloiaerate and the ash tuff, 
some slllcified vertebrate fossils were found. Further examination 
along the contact revealed more fossils weathering fron. the uppermost 
portion of the tuff. Several bags of fossils were collected and returned 
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Flgure 31. Looking north-northwest at the most prominently exposed beds 
and the nose of the Gabbs Anticline. These beds appear to 
be the youngest deposition of the stratigraphy of the 
Anticline and here exibit an apparent dip to the northwest. 



Figure 32. Looking east .it the west facing outcrops of the breached 

Gabbs Anticline. The prominent white ash bed. which was first 
noticed in SL-3 photography and later in RB-57 photography, 
is dipping approximately 10° into the hill (East) and crops 
out nearly the entire length of the Anticline. 


RKPRODUClBnjTY 01 
OmOCNAL PAGE IS 


45 


to tho Univtrsity for analysis. Or. James rirby, a resident paltonto* 
l 09 lst at the Mackay School of Mines* was able to Identify these specimens 
as belonging to two different animals, one a camel (camel Idae), and the 
other an antelope (Antllocapridae). There was not enough fossil Infor- 
mation collected to determine the exact species, but the ^S^M^^of 
both animals was helpful In establishing a more precise geologic date 
for the deposition of the ash tuff. The beds Immediately underlying the 
tuff are composed of a sllicifled, course grained, poorly sorted sandstone, 
grading to a pebble conglomerate. Frequent occurances of opallzed wood 
are found throughout the vertical and horizontal extent of these beds, 
particularly at the northern end of the anticline. The silica was probably 
carried downward from the overlying ash tuffs by decending ground water. 

This Information, along with other field observations on the strati- 
graphy, provided a type section which compared favorably with similar 
sections In a nunber of adjacent localities. This section, along with 
the fossil remains, has been Identified as part of the Esmeralda Forma- 
tion In locations to the south at Crow Springs, to the east at lone, and 
to the west near the Cedar Mountains. Based on this Information a date 
of 11 to 12 million years was established for the deposition of the ash 
tuff. 

Although the ash tuff Is not the youngest unit In the strati- 
graphic sequence. It Is close to the top of the section, which suggests 
a date of not more than eleven million years for the age of the anticline. 

The origin of the forces which caused the folding associated with 
the anticline are obscured by the fact that It Is surrounded by areas of 
Intense tectonic activities related to the Walker Lane and basin-range 
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faulting. The Inception for both of these tectonic periods Is greater 
than eleven minion years. It Is very likely, therefore, that the origin 
of the anticline can be traced to one of these two events. 

One possible explanation for the origin of the folding associated 
with the anticline can be shown by using the Moody and Hill theoretical 
model for wrench faulting. From the model It can be demonstrated that 
the anticline may be a second order dra^ fold of the right lateral faulting 
of the Walker Lane. The Walker Lane, as discussed In the previous section, 
can be seen on the samir Skylab frame #12 as a zone of Intense northwest 
strike-slip faulting passing to the southwest of the anticline. The 
younger basin-range tectonics are probably responsible lor the fault that 
bisects the anticline close to its north-south axis. 

One of the unique characteristics of the anticline Is the fact that 
much of it is still Intact considering its age, size and Its proximity 
to areas of Intense deformation. This can best be observed with the 
fault studies overlay and frame #12, Figure 25. The anticline can be 

seen as one of the largest areas of positive relief with the least amount 
of deformation. 

A minber of questions concerning the structure of the anticline were 
not answered by our limited field examination, such as 

closure, fOtjfioKBi which can be determined by more 
detailed geological and geophysical field work. 

In summary, the S-190B photography provided an excellent first look 
over-view of the anticline and its relationship to regional trends, tfV 
from which future studies can be applied. 
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Suiriary 

Although tot* coverage was not available along track I6i all in- 
house coverage was In stereo; stereo coverage was not acguirtd by the 
S-190A system during the same flight. The extra dimension of stereo viewing 
was used in the final data analysis along with the aforementioned tech- 
niques. The stereo capability was helpful in resol'Mng problems relating 
to elevations and the atitude of bedding etc., out the greatest single 
contribution from the S-190B photography was the resolution capability. 

Because of a unique orerational coincidence, we were able to make an 
evaluation of the blaci»and-white photography as opposed to the color 
photography during low sun-angle conditions 3 ver an arid land region. 

The S-190B system was operated over Nevada on two consecutive days. 
First over Battle Mountain using black-tnd-white film and the following 
day over Walker Lake using color film. Except for the locations the con- 
ditions were nearly identical witii the same sun-angle, azimuth and atmos- 
pheric conditions. By selecting similar targets in both areas and by 
comparing the two kinds of photography, it was determined that the color 
photography was grainier and therefore had slightly less resolution; and 
with resolution capability i to geologic mapping, some of the detail 

is lost. We did not feel, however, that the loss of resolution signifi- 

1 / 

cantly IflEwSw the reconnaissance mapping along track #6.^ Where 
fa'*tors do seem relevent 1s In developing and prccesslng^and in the ■'jes- 
tionable radiometric information that survives through to the final pro- 
duct. From the Initial exposure to the processing to the color balancing 
and to the reproduction there are too many possib''£ variables to produce 


rtpllcate data. We were never able to get color photography rtpro- 
ducad in the same colors or tones from one processing request to the 
next, which made differentiation by color a hazardous undertaking. 

We strongly suggest, therefore, that future missions give a higher 
priority to black-and-white film during low sun-angle conditions over 
arid lands. 
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COMPARISON OF EARTHQUAKE EPICENTERS TO 
FAULTS AS MAPPED FROM S-I90A DATA 
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Rtgional Seismic Patterns 

Distribution of earthquake epicenters In Nevada shows a north 
trend In the western Great Basin. This concentration of seismic activity 

has been termed the Nevada Seismic Zone (Gunper and Scholl, 1971) and 

. ,, ^ |4//ro on 

trends generally north over a 500 km length between^Pleasant Valley on 

I" t^e ^ea of Mono Hk* <nd Mfna. 

Nevada the Nevada Seismic Zone makes an easterly to northeasterly Jog. 

Tud i X . "iertntd 

This region of change In orientation of the zone the Mina 

segment (Speed and Others, 1975). 


The northern segment of the Nevada Seismic Zone occupies the Pleas- 

ant-D1x1e Val ley-Fairvlew-Cedar Mountain zone of modern faulting. These 

^ ^ ve't ea^ed dy ■fn.u/h. 

modern seismic events a predorilnantly dip-slip 

Mfll* Dip-slip displacenerts were associated with the Pleasant Valley 
earthquake of 1915 (Page, 1935), the Rainbow Mountain earthquake of 1954 
(Siemr^ions, 1957). Although predominantly dip-slip displacement occurred 
Ofi large magnitude events which caused ground breakage. Interpretation 
of first motion and composite fault plane solution show of the Fairvlew 
Peak earthquake of 1954 (Romney, 1957) indicated that right-lateral 
oblique-slip motion occurred on generally north striking faults. Sub- 
sequent composite fault plane solutions on microearthquakes In the area 
of Figure 23 by Stauder and Ryall (1967) found dip-slip movement to 
be predominant. 

T’ i area of Figure cJ was selected for analysis of epicenter location 
and structural interpretation from S-190A data because 


the area is presently 
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under study by the U. 5. GeolodUel Survey >s • potentlll site for con- 
trolled eerthqueke experiments. In adultlon accurete seismic data on 
eplcenwr location Is available from the Nevada Selsmoloqlcal Leboratory 
which has been actively participating In the U. S. Geological Survey's 
program. 


Faulting and Seismic Activity In the Mina Area 

The Mina region of the Nevada Seismic Zone differs from adjacent 
tracks of the (ireat Basin In that It Is topographically anomalo^s^when com 
pared to regions northwest and southeast where north-northwest m north- 
northeast trending fault block mountains and parallel alluviated valleys 
are dominant features. Figure 23 shows a characteristic change In the 
pattern of faulting. The teee east of Walker Lake has a predominantly 
northwest trend of fault features while near the town of Mina this north- 
west trend abruptly ceases. The fault trends south of Walker Lake and 
west of Mina show a striking east-northeast orientation, which Is opposed 
at approximately 90° to the nonnal trend of the Walker Lane. The 
southerly continuation of the western limb of the structural bend Is 
shown In the lower left hand comer of Figure 23. and on Figure 27, 
which encompasses Mono Lake and the northern end of the White Mountains 


and Fish Lake Valley. 

E.rthqu.ke epicenters for 1971-1973 ere plotted on the overlay of 
Figure 23 to show the correspondence of epicenter location with faults 
mapped from 5-190A photographic products. This particular photograph 
(Frame 56. Roll 30) was M structural Interpretation since It 

was obtained at approximately 0827 local time on August 11. 1973 which 


reduced a sun-angle of approximately 28“. 


,,F1>H0UUC1BIL1TV ok tuk 

PA8B B POOR 


Accuracy of epicentral location of the Nevada Selsmological Labora- 
tories cwiputer generated lising of seismic events for the area of Figure 
23, is - 1 km (Ryall, personnel cofnmunication). At the scale of Figure 
23. (1:702,000) I km is equal to 1.4 n»n. The si<'iall circles representing 
magnitudes less than 3 are 2 mm in diameter and the larger circles repre- 
senting magnitudes greater than 3 are 3 mm in diameter. Therefore the 
diameter of the larger circles correspond to the accuracy of the location 
of the epicenters on the earths surface. To maintain the accuracy 
during plotting the epicentral location of each event was plotted on an 
AMS Sheet (1:250,000 scale) which was optically reduced to match the 
scale of Figure 23. 

Striking correspondence of epicentral locations of the 1971-1973 
seismic data with faults of the east-northeast, trend can be seen west 
•nd southwest of Mina. There is also good correlation of epicenter loca- 
tions along the northwest trending faults east of Walker Lake. The corr- 
espondence of epicenters for both fault trends and the concentration of 
seismic activity near the town of Mina Indicates an area of intense 
activity although the magnitudes were not large, that is not exceeding 
6.0 magnitude Richter. 

Several epicenters are located south of Mina in the Candelaria Hills 
area where only a few faults of relatively short lengths (a few kilometer) 
occur. The anomalously low density of faults in this area as interpreted 
from the S-190A data is probably due to the Tertiary and Quaternary 
extrusive volcanic rocks that comprise the Canoelarn Hills. In reality, 
nunerous faults, some with lengths on the order 10 km have been mapped by 
Speed and Other (1975). In fact the density of faulting in the Candelaria 



Hill. equ.l, or «ct.ds th. d.n, Uy of f.ulttn, .»ocl.t.d (n other .dj.coot 
romoi Nhon mopptd by convontlonal gooloqlc mopping. 

The concentration of selimic activity In the Mina area and the diver- 
gent trends In fault orientation have been inferred to be the result of 
a kinematic change In basin and range faulting within the last 6 (?) m.y. 

A hypothesis proposed by Speed and Other (1075) suggests a shifting of 
the a«1s of extension from possibly a northwest direction to a more 
westerly trend. This trend can be seen In Figure 23 as the fault traces 
along the lower left side of the figure trend northwest and then appears 
to coalesce with fault more easterly trend. Then passing through the 

Mina area the trend of faults ‘im ass>xres a northwesterly orientation 
from Mina towards Walker Lake. 
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RELATIONSHIP OF METAL MINING DISTRICTS 
TO STRUCTURAL INTERPRETATION OF S-150A 

Th« relttionship of metal mining districts of central Nevada to the 
structural interpretation of S-190A, frame 57. roll 28 obtained on August 
11. 1973 is shown in Figure 24, The metal mining districts represent 
various metallic ore deposits including, contact (skarn type), replacement, 
fissure and placer. Table 6 shows the mining district name, type of deposit 
and principal products. 

Cursory observation of Figure 24 does not reveal any distinct relation- 
ship between mining districts and structural analysis provided from inter- 
pretation of S-190A data. However, two of the most productive districts. 
Goldfield and Tonopah. numbers 1 and 2 respectively do appear to be asso- 
ciated with some structural control. Other districts which are associated 
with faults or regional lineaments as mapped on frame 57 are the Divide 
(3). Lone Mountain (5). Weepah (6). Fish Lake Valley (11). Oyer (14). 

Gold Crater (26). Bullfrog (30). Eden (33). and Hanapah (37) districts. 

One thing that is apparent is that vein or fissure type deposits in Ter- 
tiary volcanic rocks can be related to the S-190A structural interpreta- 
tion. Whereas replacement type deposits or those as vein types in older 
rocks do not show a correspondence to the structural interpretation. 

It therefore appears that structural Interpretations of small scale 
lineaments can be useful in locating structurally related ore deposits in 
Tertiary rocks. Larger scale, more pervasive structural zones could be 
associated with deposits located in older pre-Tertiary rocks. 
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ship between mining districts and structural analysis provided from Inter- 
pretation of S-190A data. However, two of the most productive districts. 
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ciated with some structural control. Other districts which are associated 
with faults or regional lineaments as mapped on frame 57 are the Divide 
(3), Lone Mountain (5), Weepah (6), Fish Lake Valley (11), Dyer (14), 

Gold Crater (26), Bullfrog (30), Eden (33), and Hanapah (37) districts. 

One thing that Is apparent Is that vein or fissure type deposits In Ter- 
tiary volcanic rocks can be related to the S-190A structural Interpreta- 
tion. Whereas replacement type deposits or those as vein types In older 
rocks do not show a correspondence to the structural Interpretation. 

It therefore appears that structural interpretations of small scale 
lineaments can be useful 1n locating structurally related ore deposits in 
Tertiary rocks. Larger scale, more pervasive structural zones could be 
associated with deposits located In older pre-Tertiary rocks. 


TABLE 6 


METAL MINING DISTRICTS 


Principle Metals 



District 

Tvoe of Deposit 

(In decreasing 
Imoortance) 

1. 

Goldfield 

Veinlike Irregular bodies In 
Tertiary daclte flows that 
were warped Into a dome and 
faulted. 

AU| Cu, Ag 

2. 

Tonopah 

Replacement veins In Tertiary 
rhyolitic rocks and altered 
andesite. 

Ag» Au» Pb 

3. 

Divide 

Veins along shear zones in 
upper Tertiary pyroclastic. 

Ag, Au, Pb 

4. 

Klondyke 

Replacement bodies in Cambrian 
sedimentary rocks. 

Ag: Au, Pb, Cu 

S. 

Lone Mountain 

Replacement bodies In Cambrian 
limestone along contact with 
porphyry dike or with granite 
Intrusive 

Pb, Cu, Zn 

6 . 

Weepah 


Au, Ag 

7. 

Crow Springs 



8 . 

Gilbert 


Au, Ag, Cu, Hg 

9. 

Rock Hill 

Scheellte placers. 

W, Fe 

10. 

Black Horese 


W, Fe 

n. 

Fish Lake Valley 

Si 1 1 cl f1 cation of rhyolite tuff 

Hg 

12. 

Silver Peak 

Gold-bearing quartz lenses in 
Paleozoic limestone beds. 

Au, Ag, Pb, Cu 

T3. 

Argentite 


Ag 

14. 

Dyer 


Ag, Pb 

15. 

Good Hope 


Ag 

16. 

Palmetto 


Pb, Au, Ag, Cu 

17. 

Railroad Springs 


Cu, Au, Ag 



District 

Tvoe of Deposit 

Principle Metals 
(In decreasing 
Imoortance) 

16. Lida 

Veins and replacement bodies 
In Cambrian rocks. 

Ag, Au, Pb, Cu 

19. Sylvania 

Contact deposits of scheellte 
In tactite 

W, Au, Pb, Ag 

20. Gold Point 

Veins In calcareous shale near 
granitic Intrusive. 

Au, Ag, Cu 

21. Tula Canyon 


Au, Ag 

22. Stonewall 


Au, Ag, Cu 

23. Cactus Springs 


Au, Ag 

24. Antelope Springs 


Ag, Pb, Au 

25. Wellington 


Au, Ag 

26. Gold Crater 


Au, Ag, Pb 

27. Wilsons 


Ag, Au 

28. Kawich 


Ag, Au 

29. Tollcha 


Au, Ag 

30. Bullfrog 

Crustifled gold-bearing quartz- Au, Hg, Ag 

pyrite vein In Tertiary rhyolite. 

31. Fluorine 



32. Bellehelen 

Fissure veins in rhyolite 
ashflows. 

Ag, Au, Cu 

33. Eden 


Au, Ag 

34. Silver Bow 

Veins In altered Tertiary 
rhyolite welded and non-welded 
tuffs . 

Ag, Au, Pb 

35. Golden Arrow 


Ag, Au 

36. Ellendale 


Au, Ag, Cu 

37. Hannapah 


Ag, Au 

38. San An tone 

Veins in Permian rocks and 
Ordovician limestone. 

Ag, Pb, Cu 
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Mention has been made by Horton (1966) who statistically analyzed the 
distribution of mining districts In Nevada that two northwesterly mineral 
belts may be valid; the Broad Walker Lane, and a narrower belt In the north- 
central part of the state which coincides with Robert's (1966) Battle 
Nountaln-Eureka belt. The southwestern (left side) of Figure 24 Includes 
a portion of the Broad Tectonic environment known as the Walker Lane. It 
appears that there is no preferred orientation to coincide with the north- 
west trend of the Walker Lane. This may be related to the uniform exten- 
sion hypothesis proposed by Speed (1975) and described In detail In other 
sections of this report. 

The usefulness of Skylab S-190A data for reconnaissance structural 
mapping should be apparent. The synopic view provided aids the Interpreter 
In viewing large areas which would not be possible from conventional 
aerial photography, where mosalcing and splicing many times Interfervwith 
the mapping of regional structural lineaments. 

A Possible Ore Deposit 

A report of a possible large "Mineral Deposit" being discovered In 
White Pine County, Nevada, using Skylab Photography, was made by Dr. Mead 
L. Jensen of Utah University in September, 1973. The location for the 
discovery was reported as north of the Kennecott Copper Pit at Ely, In 
the Robinson Mining District. 

The statements made In the numerous press releases that generally 
relate this discovery to Skylab data are: "The light colored areas amid 
the dark colored volcanics are suggestive of limestone" and "obviously, 
therefore the volcanics are very thin In these areas" and as a result 
"the magnetic anomaly that surrounds this area Isn't due to the volcanics 
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but Is du« to tht ftct thtt something from below has given rise to 
mineralization In the limestone rocks". 

The discovery area was overflown by an RB*57 during mission #239 
flown on our behalf on June 5, 1973, and by Skylab on SL-2 along track 
120 on May 30, 1973. The aircraft photography was good quality color at 
a scale of 1:110,000, while the Skylab photography was color and black- 
and-white from the S-190A system. In an attempt to clarify the newpaper 
statements, the aircraft photography was compared wHh existing gravity 
maps, aeromagnetic maps and the preliminary geologic map of White Pine 
County by Richard K. Hose and Clarke Blake, Jr. (1970). 

The analysis technique used was to make a mylar overlay of the aero- 
magnetic map by J. E. Carlson and D. R. Mabey (1963) at a scale of 1:150,000 
so as to conform to the geologic map of White Pine County. From these 
data It was determined that the magnetic highs were associated with the 
Tertiary, older volcanics, while the magnetic lows occurred over the 
Quaternary Sedimentary rocks and Tertiary younger sedimentary and volcanic 
rocks. The magnetic anomalies were not associated with the light colored 
limestone. 

A field trip revealed that approximately half of the light colored 
rocks amid the darker volcanics were not limestone, but Quaternary and 
Tertiary younger sedimentary and volcanic rocks, very similar In color 
to the limestone. Because of the similarities In color and tone. Individual 
light-colored rock types could not be discriminated using Skylab photo- 
graphy. Some bedding and preferred vegetation made Identification of the 
limestone possible on the color IR and colorCktachrome taken during 
mission #239. However, nothing new could be said about these Individual 
geologic units or their time and space relationships that had not already 
been mapped. 


During the field trip all of the contacts were traversed with 
special emphasis on the limestone without revealing any evidence of altera- 
tion or mineralization that might be relatdd to an ore deposit. 

It was c:term1ned therefore, that In the absence of surface mineral 
indications or any subsurface exploration Information, that any references 
to mineral types or economic evaluations were pure conjecture. 


-.-T>BODtJCIBILIW OP raH) 
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LITHOLOGIC MAPPING 


Multlspectral Test Site Description 

An area southwest of Coeld.le Junction. Nevada in T. IN.. R. 35 
and 36 £.. T. 2 N., R. 36 and 36 E. was selected for detailed photomapping 
end tpectroradlometrlc measurements. The purpose of the spectroradlomatrlc 
measurements was to provide data for selection of optimun film-filter 
combinations for the S-190A and aircraft AHPS camera systmns for lithologic 
mapping In ar1d-s»1ar1d regions of the world. Spectral data collected 
•t this site and methodology of data acquisition are presented In Appendix 
A. Figure 30 outlines the area of the multlspectral test site 

TL . . . tOnTOklH% 

e es s te % a complex of Late Tertiary volcanics consisting of 
welded and non-welded ash flows which disconformably overlie shale with 
locally abundant chert, limestone and quartzite of Lower Paleozoic age. 

These units have been faulted and MM to the northeast. The Lower 
Paleozoic rocks are dominantly black or dark green while the overlying 
volcanics range from black to white with nuherous shades of red. orange, 
tan and brown. Figure 33 Is a photograph looking northeast across a small 
valley which dissects the volcanics. The figure shows to some extent the 
complexity of the are. and the wide range of diverse colors available for 

spectral measurements wUhln a small area. The selection of this area 
was based on: , 

sma area, and 3) the^spectral measurementr almost con- 


tinuously on lithologies with vastly different spectral reflectances. 
Photographic Data Products 

some problems arose In obtaining both aircraft ano Skylab photographic 
data over the test site. Aircraft mission 239 did not overfly the site 



Figure 33. Ground photograph of the Multlspectral test site looking 
northeast across Gap Spring. 
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btcause prior permission to fly over the northern portion of the Nevada 


Test Site was not obtained from the Atomic Energy Commission. Mission 
249 photography did cover the test site, but only the RC-8 cameras pro- 
vided stereo overlap. The AMPS system intervelometer was set to provide 
only lOX forelap because of limited magazine capacity. S-190B system was 
not operating over the test site during the SL-2 mission. On the SL-3 


mission (track 6) the 


S-190B camera was shut-off. 




On SL-3 

track 59 the test site would have been visible if the 60t forelap mode 
of operation had been In effect, but It was not and the test site Is 


covered by the clock inset. 

Track 59 on SL-3 would have provided the best data for geologic 
mapping since the time of the overflight was midday. The photographic 
products derived from the camera systems on SL-3 track 6 were marginal for 
lithologic mappi ig because of the early morning time of fly-by which 
precluded a sun angle of approximately 28 degrees. 


Geologic Photomapping 

Geologic photomapping was performed with 1) the RC-8 9" x 9" 

ektachrome at a scale of approximately 1:120,000. 2) the WPS fktachrome 

iraA^fernM He mrefpreHr'*'^ 

70 mm at a scale of 1 : 120.000; to 9» x 9" black- 

s/s/em a/p 

and-white enlargements from the siune camera^^WBBBBIQJI scale of 

‘tf4tifp(Kf‘enCt£s 

1:30.000, and 3) S-190B fktachrome iHposIt^ ve^enlarged to a scale of 
1:250.000. 

Figure 34 Is the geologic interpretation prepared from the 1:250,000 
S-190B frame 013 roll 84. It can be seen that only the 
gross features can be mapped at this scale. Comparison with a portion 




i 

] 





Figure 34. Geologic interpretation of the Mul tispectral Test Site. 

Prepared from 1:250,000 scale diapositive of frame 13, roll 
84. 




of the Esmeralde Coutay nieu {Fitjure %} which ha^ a scale of 1:250,000 
shows only a minor correspondence between reconnaissance geologic mapping 
and the interpretation of S-190B data <tt a scale of 1:250,000. The 
S-190B phutoyraphy was obtained at approAh lately 0830 local time and there- 
fore has shadows or? the west facing slopes. 

At this scale the best correspond with »':apped units of the 
Esmeralda Cou?;ty rieoioyl: map are the QTb units Figure 35 and the gray 
areas of S-190B mterpretacion Flyur-* 34. The correlation Is due to the 
distinctive pattern and dark black tone of the basalt flows. Discrimina- 
tion between the lower sedimentary unit (T$i) and the upper and lower 
non-welded ash flow (Taft and Tafu) and the welded ash flows (Taw) Is 
difficult at this scale. On the geologic map (Figure 35) the ash flow 
units each contain Hil|r inemDers colors which are sometimes 

confused during photointerpretation at this scale as to the genetic 
affiliation. 

In one area (nurit«r 4 on Figure 27) there Is no difficulty 1n 
mapping the extent of the quarry area (white) and the surrounding 
volcanics. The quarry Ml diatomaceous earth (diatomite) 
owned by Grefco, Inc. The lateral extent of the yet unmined diatomite 
cannot be discerned on the S-190B photography^ l^li^outcrop 

of the diatomite generally covered by colluvltm from the 

surrounding volcanic rocks. 

Geologic mapping fraii the RC-8 photography is presented In Figure 
36. The complexity c the multlspectral test site is ex»ampl1f1ed In this 
interpretation from stereo pairs of 1:120,000 scale color iktachrome 
transparencies which has been plotted on 1:24,000 scale preliminary topo- 


I 
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Figure 25. A portion of the geologic map o1 ismeralda County, Nevada. 

Original s:ale 1:250,000, Py John P. Albers and John H. 

Stewart. 
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Figure 36. 

I 


Geologic map of the mul tispectral 
color ektachrome photography with 
1:120,000. Original scale of the 


test site from RC-8 
a scale of approximately 
map Is 1:24,000. 
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graphic maps. Figure 37 (roll 27, frame 26. mission 249) shows the area 
of multlspectral test site at a scale of approximately 1:154,000. In 
this figure the nunerous members of the upper and lower ash tuff units • 
can be differentiated (compare with Figure 35, a portion of the Esmeralda 
County Geologic map). The Individual members of the ash flow units have 
a complex outcrop pattern developed from differential erosion and 
structural modification due to faulting. The purple color on the Inter- 
pretive map Is the lowest unit stratigraphical ly, but due to Its resis- 
tant nature It crops out In an area as large as the less resistant non- 
welded ash flows and welded ash. 

The geologic Interpretation of the AMPS camera system which employed 
the same film-filter combinations as the S-190A camera shows the detailed 
complexity of the multlspectral test site. Figure 38. Geologic Inter- 
pretation was performed without the aid of stereographic pairs which limited I 

the detail that could be mapped at a scale of 1:24,000. | 

I 

Usefulness of S-190B Photographs for Geologic Mapping In Areas of 
Complex Lithologies. 

The foregoing discussion and comparison of S-190B photographic 
products and aircraft photography shows the limitations of S-190B 
products for geologic mapping In areas of small outcrop pattern, even 
though diverse color and tonal qualities are present. Comparison of 
Figures 36 and 38 will show that the complexity of the multlspectral 
test site, which Is amenable for the rapid collection of spectral data, 

1''. an area which exceeds the resolution capabilities of the S-190B data 
products. The subsequent section on the Mina NW 7.5-m1nute quadrangle 
will provide an example of the capabilities of geologic mapping with 
S-190B data. 



Figure 37. RC-6 photograph of Multi-spectral Test S 
roll 27» frame 26). The complexity of t 
right center, can be seen. 
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site. 
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Figure 38. 


^PS°co?or*ektachrOTe^]^ prepared from 

Original scale 1:120.000. 
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Hina NW, 7.5-m1nute Quadranglt. Nevada 

The Hina NW 7.5-m1nute quadrangle was selected to determine to what 
extent S-1906 photography could be used In geologic mapping. The area 
has sparse vegetation consisting mainly of sagebrush.. Geologically the 
Hina NW quadrangle consists of Intrusive and extrusive Igneous rocks and 
sedimentary rocks. The sedimentary rocks have been folded and are cut 
by nurierous high angle normal faults. The area of the Hina NW quadrangle 
Is outlined on Figure 30. 

The photo interpretation was performed with a Wild stereoscope with 
8X oculars. Two-X enlargements of color ITktachrome, Figures 25 and 26, 
roll 84, covered the area stereoscopical 1y. Scale of the photography Is 
approximately 1:460,000 

Comparison of Figures 39 and 40 shows that gross lithologic discrimln* 
atlon Is possible with Skylab Imagery. Discrepancies occur In dlstlngul- 
s*^lng In the sedimentary units, especially the Luning and Dunlap 

formations. The map (Figure 40) used for comparison was prepared from 
U.S.G.S. Hap GQ-45 Geologic map of the Hina quadrangle, Nevada, by H. G. 
Ferguson, S. W. Muller and S. H. Cathcart, 1954, scale 1:125,000. 

Figure 41 provides an explanation of Figure 40. 

The most between the map prepared from 

S>190B photography and that prepared from reconnaissance geologic mapping, 

occur In the northern portion of the mpp. This area 4lfl0|M4W|' the outcrop 

pattern of the Luning and Dunlap formations. The Luning formation 

reervm/fjed 

consists of^ilmestone, slate with a little conglomerate within the upper 
limestone unit and slate with varying proportions of conglomerate In the 










j 


I 
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Figure 39. Geologic Interpretation of S-190B. Frames 12 and 13, roll 
84, using a Wild stereoscope with 8X magnification. Compare 
with Figure 40. 
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Figure 40. Map prepared fra 
geologic map of 
Ferguson, S. W. ini 
1:125,000. Figure 








lower unit. Sedimentary rocks of the overlying Dunlap formation consist 
of conglomerates with Interbedded sandstones i greenstones and greenstone 
breccias with varying amounts of sandstone and conglomerate. 

The highly folded nature of the rocks of Jurassic age and their 
similarity In composition make the delineation from one another difficult. 
Similarities In weathering characteristics of both formations form areas 
of moderate relief which topographically have very little resamblanca to 
the folded nature of the materials. Differentiation between units within 
the Dunlap formation along the western margin oV the mapped area which 
are conglomerates and greenstone breccias with Interbedded sandstones was 
not possible because of the similar composition and weathering character- 
istics. 

Of the sedimentary rocks exposed In the Mina quadrangle the thick 

massive limestones of the upper part of the tuning formation (I 1u, Figure 

40) were most easily differentiated and mapped with fair degree of accuracy. 

Errors In mapping the extent of the massive limestones from other forma- 

^eqree oi qceuraey 

tions was approximately lOX; however, thi> in diff- 

erentiating the limestones from other sedimentary units was on the order 
of 35X. 

The discrimination of Intrusive and extrusive Igneous rocks Is the 
easiest In this particular area. Intrusive rocks are irregular masses 
and .dikes of Jurassic age related to the Sierra Nevada batholith. The 
granitic rocks are light colored and have a characteristic subdued weath- 
ering characteristics, (^dominant jc^ntlng was not observed and there- 
fore could not be used in identifying granitic rocks. Extrusive rocks 
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•rt tht Exctlilor fonnition (>t) and tht Gilbtrt andttitt (Tg). Tht 
Excalilor formation It dominantly dark pyroclastic! and altartd lava with 
loaia minor dark tlllcaous slata and dark tuffacaous sanditona. Thlt 
unit It charactarlstlcally dark on the photography and forms broad 
rolling t«nm1ts on tha rangat. Tha Gllbart andasita conilsts of andatita 
flows grading to basalt, with much andesite breccia and agglomerate. It 
forms areas of low relief with little dissection. 

Faw^frontal faults ware mapped on tha reconnaissance geologic map; 
many are Inferred from the S-190B photography. Faults hetwee^nRoTs 
were harder to discern and were Interpreted as normal contacts from the 
photography. Inter-formatlonal faults were easier to Identify based on 
linearity of stream channels and alignment of saddles. 

Comparison of geologic "lappIng from Sky lab S-190B photographic 
products and reconnaissance mapping at 1:125,000 scale shows a good corre- 
lation for the three basic rock types. Differentiation between sedimen- 
tary units which have been highly folded Is difficult. Differentiation 
between sedimentary-igneous Intrusive, sedimentary-igneous extrusive and 
Intrusive-extrusive rocks Is readily apparent. This technique shows 
benefit for reconnaissance geologic mapping of gross lithological units. 

In areas not previously mapped the general relationship between Igneous 
and sedimentary rocks can be made. Determination of these relationships 
would provide a basis for further geologic exploration based on the 
commodity of Interest, such as more detailed mapping In Igneous units and 
contacts for metallic minerals. 


INTERPRCTATION OF S-192 DATA PRODUCTS 

4,!m 

Inttrprttatlon of S-192 data consistad of visual analysis o^the 13 
sands In the conical scan, calibrated format. of diverse 

lithology, alteration and vegetation were tfHi In the analysis of 3 
sections of data obtained on August 11, 1973 and September 13, 1973. Data 
from the August 11 mission were obtained a: approximately 0630 local 
tima and therefore do not provide the opt^mjn lllimlnatlon for comparison 
of multi spectral differentiation of lithologic units, since west facing 
slopes were In shadow. 

The targets selected for evaluation of the September 13, 1973 
(GMT 19 3?' 45") segriant of Imagery are emanerated on Figure 27* Target 
1 Is an oldar alluvial fan and volcanic flow, target 2 Is a cultivated- 
uncultivated field complex, and target 3 Is the Bodle Mining District, 
California. Table 7 lists all sites used for comparison of effectlve- 
nesR of detaction of S-192 Imagery. 


Table 7 

Selected targets for S-192 Interpretation 


Du^e Time (GMT) 

August 11, 1973 15 27' 20" 

Septen.bor 13. 1973 19 32' 45" 

Septembe- 13, 1973 19 33' 10" 


Target 

1) Red cinder In black cinder cone. 

2) Alteration In Goldfield area. 

3) Green alluvial fan material. 

1) Basalt flow and older alluvial fan. 
2} Cultivated and uncultivated fields. 
3) Lodie mining district. 

11 Natural vegetation. 

2) Volcanics In Pilot Mountains. 
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CoMpIttf dtUlltd comparisons of tht ustfulntss of tht Individual 
bands In dallntatlng tht various salactad targats *% prasantad In Tabla 
t. A comparison of which bands wara most usaful In distinguishing tha 
various llthologlas during tha August 11. 1973 mission Is prasantad In 
Tabla 9. 


Tabla 8 

August 11, 1973 GMT 15 27' 20" 


Channal Microns 

1 .41- .46 

13-1 10.2 -12.5 


9 1.09- 1.19 


8 .98- 1.08 


2 .46- .51 


Remarks 

App«{ars noisy, of no valua. 

Playas and ephemeral streams appear 

colder than alluvial fans. 

Playas with vegetation show mottled appear- 
ance such as Rhodes salt marsh. Colimbus 

salt marsh and 81g Smokay Valley. 

1) Red In cinder cone NE of Silver Peak 
shows lighter as compared to black 
cinder. 

2) Caldera at Goldfield accentuated by 
light tones of tha grays and It. tans. 

3) Green alluvial fan on eastsida of Pay- 
master Ridge appears darker than rest 
of fan. 

1) Red In cinder cone not apparent. 

2) Same as 9. 

3) Same as 9. 

1) Red In cinder cone not apparent cinder 
cone Is darker than In any previous 
band. 

2) Circular light tones near Goldfield 
apparent. Basalt not as dark as other 
bands. 




Chinn# 1 Microni 

10 1.2- 1.3 


12 2.1 -2.35 


11 1.55-1.75 


7 .78- .88 


6 .68- .76 


Ruirfci 

1) Rid In cindtr con* appirtnt. 

2) Grttn on alluvial fan aait of Pay- 
mattar Rld^e Is appartnt, l.a., darkar 
than rast of fan. 

3) Mora variation In tona at tha Gold- 
flald altaratlon. 

1) Rad In cona shows bast of all at com- 
parad with pravlout bands. 

2) Graan on alluvial fan aastslda of Pfy- 
mastar Pidga apparant. 

3) Altaratlon naar Goldflald doat not 
appaar at wall as othar bands. 

1) Rad In cinder cona Is bast displayed 
In this band. 

2) Graan on fan aastslda Pa>mattar Ridga 
shows only slight variation from rast 
of fan. 

3) Halo around Goldfield shown by light 
tona of llghtar colorad rocks. 

1) Basalts around Goldflald hava battar 
contrast, altaratlon zona not raadlly 
apparant. 

2) Rad of cinder cona In Clayton Valley 
not apparant. 

3) Green on fan shows up but not at good 
as other bands. 

Same as 7. 


.62- .67 Similar to 6 except tonal contrast Is 

less, overall resolution Is also less. 


5 


4 


Tablf 6 (Contlnufd) 
Stptanbar 13. 1973 GMT 19 32' 45" 




C 'xnnti Micront 

1 .41- .46 

13 10.2 -12.5 


4 


4 


9 


1.09- 1.19 


4 


8 .98- 1.08 


I 


2 .46- .51 


I 


10 1.2 - 1.3 


t 


Rafflirki 


Nolsty of no usa In Ir^arprttatlon. 

Of marginal quality for gtologlc Intar- 

prttatlon. 

1) Not apparent on Imagery. 

2) Cultivated field apparent. 

Uncultivated fle^d not apparent. 

3) Bodle mining district faintly apparent, 
not distinctive. 

1) Basalt flow and older alluvial fan 
appear the same. 

2) Cultivated field not apparent while 
uncultivated Is. 

3) Bodle mining district not readily 
apparent. 

1) Basalt flow slightly darker than fan. 

2) Uncultivated field barely apparent due 
to drop outs In data. 

3) Sam.e as 9. 

1) Flow and fan distinctly different 
contrast. 

2) wjth cultivated and uncultivated fields 
apparent. 

3) Bodle mining district apparent. 

1) Basalt flow and fan distinction possible, 
not markedly good. 

2) Cultivated field not apparent while 
uncultivated Is. 

3) Bodle mining district not readily apparent. 




toDUcron,rry of raa 

IQ onnia 


4 




t 


t 


» 


» 


t 


» 


Chtnnti Microns 

12 2.1 -2.35 


1.55-1.75 


.76- .88 


68- .76 


.62- .67 


.56- .61 


Ronarks 

1) Samt as 10. 

2) Cultivated field apparent. Uncultivated 
difficult to distinguish from Bajada. 

3) Same as 10. 

1) Basalt flow and older fan distinguishable. 

2) Same as 12. 

3) Same as 10. 

1) Same as 11. 

2) Cultivated field not apparent. 

Uncultivated field apparent. 

3) Same as 10. 

1) Basalt flow and fan distinctly 
different. 

2} Same as 7. 

3) Bodie mining district marginally apparent. 

1) Contrast between fan and Kasalt flow 
marginal . 

2) Both cultivated and uncultivated field 
apparent. 

3) Bodie mining district not apparent. 

1) Basalt flow distinctly darker than fan. 

2) Both cultivated and uncultivated fields 
apparent. 

3) Bodie mining district not readily apparent. 

1) Same as 4. 

2) Same as 4. 

3) Same as 4. 
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.46- .51 


'^abU 8 (Continued) 
September 13, 1973 GMT 19 33' 10" 


Channel 

1 

13 

9 

8 

2 

10 

12 

11 

7 

6 


Micron s 
.41- .46 

10.2 -12.5 


1.09- 1.19 
.98- 1.08 


.46- .51 


1.2 - 1.3 
2.1 - 2.35 
1.55- 1.75 


.78- .88 


.68- .76 


Remarks 

Nolsey, of no value. 

Only gross features recognized, playas 
void or vegetation appear colder than 
adjoining alluvial fans. Cloud shadows 
are cold. 

1) Vegetation not apparent. 

2) Volcanics better defined than In photo. 

1) Same as 9, noise. 

2) Same as 9, noise. 

1 ) Vegetation defined. 

2) Volcanics not as well defined as photo. 

1) Vegetation not apparent. 

2) Vr'canics well defined. 

1) Vegetation apparent. 

2) Volcanic defined as well as photo. 

1) Vegetation marginal . 

2) Volcanics well defined. 

1) Vegetation not apparent. 

2) Volcanics defined as well as photo. 

1) Same as 7. 

2) Volcanics not as well defined as 
photo. 


I 




Channel 

Microns 

Remarks 

5 

.63- .67 

1} Vegetation well defined. 
2) Same as 6. 

4 

.56- .61 

1) Vegetation well defined. 

2) Volcanics defined as well as photo. 

3 

.52- .56 

1) Vegetation well defined. 

2) Volcanics not well defined. 




V 


X 


X 


X 




Table 9 

Degree of usefulness of S-192 bands 
August 11 » 1973 



Least useful 

Moderatelv useful 

Most useful 

Red in cindercone 

2, 5, 6, 7,8 

9,10 

11,12 

Goldfield Alteration 

5,6,7,12 

2,8,9 

10,11 

Alluvial material of 
Harkless fin. 

5,6.7,11 

12 

8,9,10 


As seen 1n the above tabulation the longer wavelength bands, as a 
whole, are more useful In the differentiation of these lithologic types. 
In only one case, the alluvial material of the Harkless formation are the 
longest wavelenjths in the near infrared not the most useful. This is 
undoubtedly due to the green color of the material. 

To ascertain the resolution capabilities of the various bands in the 
S-192 system the detection of drainage patterns on alluvial forms was 
used since there is little contrast between the drainage channels and the 
alluvial fan material. Table 10 presents a comparison of the usefulness 
of the various bands in discerning drainage patterns. 

Table 10 

Usefulness of S-192 bands in the delineation 
of drainage patterns on alluvial fans 

Least useful Moderately useful Most useful 
1,2, 8,9 and 13 6,7,10 3,4,5,11,12 

It can be seen that longer wavelength (.46-. 88 microns) in the 
visible portion of the spectrum and bands 11 and 12 are the best for 
differentiation of low contrast objects. The usefulness of the .46 to 
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.88 micron range is not surprising. The surprising fact is that the 1.55 
to 2.35 micron range is equally useful. The reason for this phenomena 
is not readily apparent. 

Another interesting fact that was noted during the visual analysis 
of the September* 13 mission (GMT 19 32'45") was the ability of certain 
bands to detect and discriminate between cultivated and uncultivated 
fields. Bands 2-5 (.46-. 67 microns) showed both cultivated and uncul- 
tivated fieldSt (Target 2 on Figure 27). Uncultivated areas were discern- 
able in bands 6-10 (.68-1.30 microns) while the cultivated field was 
not discernable. Conversely the cultivated field was detected in the near 
infrared portion of the spectrun, bands 11 and 12 and also in the thermal 
infrared portion band 13, while the uncultivated field was not detected. 
Figure 42 shows an example of the ability of certain bands to detect 
cultivated and uncultivated fields. It would appear that proper band 
selection could be used to rapidly identify total area of land cleared 
for agricultural purposes and which areas were under cultivation at the 
time of the overflight. 

Another useful benefit derived from the S-192 .nultispectral scanner 
is the ability to differentiate between snow and clouds. Uncalibrated 
quick look data from channels 2 and 11 are presented in Figure 43. 

These data were derived on June 3, 1973. Track 6 traversed the western 
edge of Nevada from north of Lake Tahoe to south of Mono Lake. Band 2 
shows the extent of snow cover along the eastern slope of the Sierra 
Nevada Mountains and at high elevations in the White Mountains south 
and east of Mono Lake. Snow reflectance in band 11 (1.55-1.75 microns) 
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1i vtry low and appears darker than surrounding terrain which Is barren 
of snow. By selecting the appropriate bands. S-192 data can oe used to 
autonatlcally distinguish between snow and clouds because of their 
relative difference In reflectance. 


APPENDIX 
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Field Spectral Studies 

Field spectral data were collected at selected sites In support 
the S-190A multi spectral camera system. 

The principle objectives of these stud^-'s was to acquire spectral 
signatures from geologic targets and to use these data In making deter- 
mlnatlons on film-filter combinations for discrimination purposes using 
multlspectral photography. 

The field measurenients were conducted using a ISCC modal Sft spectro- 
meter. Basically I the Instrjnent consists of a light chopper, monochrometer, 
measuring photo cell, amplifier, coherent detector and Indicating meter. 

The spectrometer Incorporates two wavelength ranges, the visible 380-750 
mini micron, and the near infrared, 750-1550 mil 1 1 micron. The instru- 
ment operates in the second interference order of the visible ranges and 
the first order on the near infrared range. The visible range detector 
Is a silicon junction photo cell. The near Infrared detector Is a 
germanium junction photo cell. 

The ISCO Instrtment Is capable of recording the gross aspects of 
spectra In the wavelength range of .38 to 1.55 micron. It Is possible 
to estimate the features In the spectrum to .005 micron In the range 
.38 to .75 micron and .01 micron In the range .75 to 1.55 micron. 

Fiberfrax type 970JH, a ceramic fiber material, was used as a 
reflectance standard during all of the field measurements. The Fiberfrax 
was attached to a cardboard surface to offer resistance against tearing 
and to provide a perfectly smooth surface while taking field measure- 
ments. 
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Data Collection and Site Selection 

During all of the spectral measuretnents, a standard field operating 
procedure was followed. The I SCO was always operated from a llOy, 

60 cycle portable power supply, and batteries were checked and changed 
periodically. The ISCO was always operated utilizing the portable optic 
head from which the diffuser disk had been retnoved. The diffuser disk had 
been replaced by a metal washer with a 0.25 In. hole, which accepted 
only those rays which came from the field of view, and not 2 PI, as Is 
necessary with global 1 1 liznl nance. The ISCO was operated from a tripod 
from which a metal extension held the portable head at the same vertical 
height during all of the studies. Figure 44. The measurements were always 
taken with the portable head looking downward normal to the target, with 
the Instrument looking toward the sun. At such time as the sun was 
vertical to the target, the metal extension would cause a shadow but 
the total area Involved was less than 1* of the field of view. 

A typical set of measurements Involved taking vertical reflectance 
readings from both the target and the fiberfrax standard at each site. 

This particular type of measurement is called "bidirectional reflectance". 

Site selection was based on acquiring enough spectra from a given 
geologic target so that an average reflectance for any given unit could 
be generated. Geologic units were selected on the basis of there size, 
homogeneity and tonal (color) differences between formations. The 
criteria was based on the fact that targets had to be big enough to be 
seen from space, with enough tonal differences between formations to 
create a good contrast, and with sufficient homogeneity that an average 
spectra would be meaningful. 



Figure 44. ISCO mounted on tripod and probe on metal extension, with* 
white Fiberfrax standard mounted on flat board. 
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Figurt 45 shows the locations of sites used during the field spectral 
reflectance studies which has been annotated for the purposes of referen- 
cing the text to selected spectral reflectance curves shown In appendix A. 

Figure 46 de*nonstrate$ how selected portions of the visible light and 
Infrared bands might be selected from actual spectral curves taken In 
the field. Any attempts to discriminate Individual geologic targets 
requires the selection of some portion of their curves which has a different 
reflectivity at a given wavelength. It can be seen fron Figure 46 
that any portion of the spectra will discriminate the White Ash Tuff, while 
discrimination of the Quartz Monzonite below .60 microns Is In direct 
conflict with four other units. 

The last five sets of curves In Appendix A are sky radiation curves 
taken during Skylab and aircraft overflights. During overflights, the 
diffusing screen was placed In the portable head and operated In a 
vertical mode while monitoring across the spectral bands as a function 
of time. 


Conclusion 

The original Intent was to use these data In photographic multiband 
experiments, first from aircraft systems and later from space. Opera- 
tional constraints made such plans Impossible and our multiband evaluations 
were conducted using a standard film-filter configuration. 

Collecting large nunbers of spectra during the field studies is a 
very time consuning process. A single site requires more than thirty 
minutes to read and record the data from both the standard and the target. 
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Figure 46. Spectral reflectance curves from the Crow Springs Mining District. 



Further, the delicate equipment must be stored, moved and unpacked for 
each set of measurement. Driving time between targets Is often time con- 
suming. Cloud free conditions are mandatory, and only those hours between 
9:30 and 3:30 can be used because the sun-angle changes are to radical 
before and after. 

The question of how many spectra should be taken from each unit, 
what size sampling grid should be used and where to make the measurements 
Is time consuming. The size of the target area from which the spectra 
are taken, or the field of view, with respect to the homogenity of the 
unit are also a factor. 

Our measurements program accomplished Its objectives but required 
a great deal more time than we had originally envisioned. If such a 
field program were to be undertaken again, we would strongly recormend 
the use cf a spectrometer and a data system that would allow for rapid 
data acquisition and storage. Under Ideal conditions a helicopter would 
provide a variable field of view, hovering capability, and the means to 
acquire data in relatively Inaccessable areas. 
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